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ABSTRACT

This report explores some techniques that could assist

educational managers in their attempt to arrive at more optimal

input and output mixes. Following a review of the literature on

input-output analyses in education and a description of the

Pennsylvania Educational Qvality Assessment Program (the basis

of the present study), an empirical analysis utilizing single-

and simultaneous-equation systems was conducted. Because the

regression coefficients indicate the expected change in any one

Oitput due to changes in one or more inputs. but not in the

overall level of educational output, output indexes based upon

the canonical correlation technique are presented.

The analysis supports the contention that some realloca-

tion of resources could enhance the outputs of the educational

system. Regarding the equation systems, a strong argument was

made in favor of the development of a simultaneous-equation

system. The canonical correlation technique was found to be

useful in developing an overall output index. Although the

output indexes are not very sensitive to changes in the output

set, they are sensitive to changes in the input set.
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CHAPTER 1

INTRODUCTION

There is increasing awareness of the need to apply rigorous

management techniques to assist educational decision makers in

allocating scarce resources. The need for greater educational

Productivity has been placed into a sharper focus by the fiscal

problems confronting education. The basic reason for such

fiscal problems has been the ever-increasing costs of education- -

despite a reduction in the rate of increase in enrollments and,

in some cases, an absolute decrease in enrollments--which are

related to higher input costs despite little or no improvement

in educational productivity. When costs increase but productivity

remains essentially constant, costs per unit of output must

increase, and therefore schools must seek increased public support.

In an effort to reduce the burden of government operations, economy

minded legislatures and boards of education are reluctant to

increase tax revenues in proportion to the increase in educational

costs. Something, therefore, must "give." Either the level of

production must decrease, or ways must be found to produce the same

output from a smaller input base.

The assumption underlying this study is that there exist

some possible ways to reduce input costs without reducing the level

of educational output, or, alternatively, to produce a greater level

of output otilizing the same amount of inputs. This means, of

course, tl:It slanao sert decisions in education have not been optimal.

This is oot to say that educational administrators have necessarily

been lax, bot rather tbat the nature of educational production is so

complex that evert the best administrators would be unable to arrive

al an optiAl. decision.



The study therefore explores some techniques that could assist

educational managers in their attempt to arrive at more optimal input

and output mixes. No panacea is offered here; only suggestions which

would require thoughtful and searching analysis along with serious

data collection are proposed.

The report begins in chapter 2 with an overview of input-

output analysis as it applies to education, including a brief survey

of some of the major input-output studies in education.

Chapter 3 provides a brief introduction to the Pennsylvania

Plan, which forms the basis for the analysis developed in succeeding

chapters.

The next chapter contains single- and simultaneous-equation

systems describing input-output relationships for the fifty-three

Pennsylvania secondary schools (as of fill 1971) for which extensive

data arc available. Some applications of the results are also discussed.

Chapter 5 presents a discussion of the development of an

educational output index using the technique of canonical correlations.

Several outpit indexes are developed and compared, and applications

of the output index analysis are explored.

The major conclusions of the study are reiterated in chapter 6.
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CRAPTER 2

INPUT-OUTPUT ANALYSES: A NEW PERSPECTIVE FOR EDUCATION

The Wide Domain of Input-Output: An Introduction

Having just passed thro. h a period of very great growth

at all levels, American education has most recently shifted its

focus from issues of quantity to those of quality. A decline in the

school-age population, combined with the emergence of other competing

societal priorities, have made educators aware that they will be

increasingly called upon to demonstrate that the output of formal

education is commensurate with the magnitude of inputs being

committed to educational processes.

Educational inputs and outputs have been notably difficult

to specify--not to mention the problems of quantifying them once

some degree of consensus has been reached about their mere identifi-

cation. As Katzman (1971) points out, the determination of whether

particular schools have performed satisfactorily in the past has

been made in two basic ways. One could either look subjectively at

the school setting and try to "feel" whether it appears to be

working well, or one could altc5pt to make objective judgments about

the resources being consumed and the product being put out. The

former is clearly the most comonly used approach and has a long

history of evolution; however, the latter method is the emerging

approach and the one with which educators will need to deal if they

are to justify enriclment of educational programs in the years ahead.

It must be understood that problems remain in operationalizing

e.;ucational inputs and outputs and in devel,ying a true educational

production function. For example, in studying the of frets of schooling

en equality of opportunity, Jencks and his associates (1972) explain

why they were forced to use standardized test scores as a measure of

educatiov:al attainment.



We have looked at cognitive skills, as; LIO3SIrCa on
standardi7.ed tcsts....We hAve not looked in any
detail at habits. values, or attitudes. The reader
should not infer that WO think test scores more
impol.tAnt than values or character. We take a
dim view of tc!;t score!;, both as McAs,1VcS of

schools' effectiveness and as measures of individual
talent. Put while cognitive tests have many obvious
detects, most measures of attitudes, values, and
character structure are even worse. In the

absence of evidence, theorists must rely on intuition
and personal ey.perience. These have proven a poor
guide to the one thing we can measure, namely,
cognitive skills...(Jenckst JAL, 1972, p. 12).

Jencks' example is important to the comprehension of

what follows because it argues that we must use indices, even

though they are less than perfect, on the assumption that what

information they do provide is better than having no objective

information upon which to base important decisions. While we may

still be Ear from the ultimate goal, each tentative step brings

us closer to our objective.

The organization of this chapter is as follows. A discussion

of the general area of open systems theory is presented first and

forms a theoretical base for the specific input-output analyses

which have been done in the field of education. This discussion

is followed by a review of some of r. ire studies which have been

undertaken in elementary and secondary schools.

The EmerYence of Input Output Studios: A SVsteMS Perspective

Until the very recent past, educational institutions had not

regularly undergone the type of critical scrutiny familiar to other

"complex organizations"--notably the for-profit corporate structure.

Education, it was said, was so different from the production processes

in other segments of the economy that principles of a general nature

about the structure, functions, and operations of other organizations

would not apply to educational institutions. In reviewing the available

research on the organizational characteristics of American education,

Anderson (1963) concluded that:



...the literature in this field was largely reminiscent,
anecdotal, or hortatory, and what passed for research
was largely of the normative-survey variety....The procedures
of the research or its findings did not tie in, in any
systematic way, with what is being called a theory of
organization or a science of management (p. 1).

Ikenberry (1972) points out that the traditional inability

to consider education, particularly higher education, within the

context of general organizational theory has baeArdue purportedly

to the following factors: (1) lack of clarity in the specification

of specific, stable missions, goals, or objectives; (2) extreme

decentralization of academic authority within institutions; and

(3) the disproportionately high number of professional employees-

that is, faculty and other supervisory staff.

However, as the number of other service industries in our

society has increased, it has become apparent that: institutions other

than schools share many of these characteristics and are still

amenable to objective analysis. Some changes in terminology are

needed to conform to different purposes and rationale, but much

can be gained from application of the methodology developed for

judging the effectiveness of functioning organizations in general.

Willingness to examine the effectiveness of educational

institutions in terms of use of resources vis41-vis outcomes has come

about, in large part, due to acceptance of a systems perspective of

education in line with general Systems theory. A brief discussion of

the development of systceIs theory would therefore be useful,

Svstu7:1!; leory

ChnreleTlan (196S) defines a system as "a set of parts coordinated

to aceoelish a set of goals" (p. 29). In a more detailed fashion, Hall

(19(,Fe) de..,,crih a system as "a set of objects together with

relationships between the objects and their attributes" (p. 61). They

further dcfine objects as the components of the system, attributes

as the properties of the objects, and relationships as those 011110

that "tic the system together" (p. 82).

5



The value of a systems Orient3tion is that it allows and

encourages one to see the dynamic relationships which exist between

the components and the envirom.ent outside the system. In analogue,

one could allude to the difference between a movie and a snapshot.

In the motion picture one can see not only the components and their

attributes, but also their paths of movement from one state to

another. Rather than a static picture, the systems approach

attempts to show and accoqnt for "flow of energy."

Increasingly, the attempt is to view organizations as "open

systems," that is, systems which interact with their environments.

While the concept of open systems originated in the study of thermo-

dynamics (Pwrtalanffy, 1950), it appears to promise wide acceptance

in many areas, not the least OE which is management science.

Gould ter (1959) introduced the terms rntionisi and natural

systems into the management literature to correspond rougnly with the

physical concepts of closed and open systems, respectively. Mace

recent theorists refer to closed and open systems directly. The closed

system sees the organization as an instrument which can organize itself

internally more or less independently of the conditions outside of

the system. The open system, on the other hand, is viewed as an

organization which is in "dynamic equilibrium," maintaining itself

"in exchange of materials with the environment and in continuous

building up and breaking down of components" (Bertalanffy, 1950,

p. 23).

Authors generally associated with the closed system approach

include Henri Fayol, Frederick Taylor, 113N Weber, and Elton Mayo

(Hall, 1972). Irrespective of their substantive differences, each of

these writers strove to find the "one best way" of organizing

internal struc_ures and conditions. Two of the most well-known dicta

deriving from this perspective are those dealing with "span of

control" and "unity of command." The approaches identified by the

terms scientific management, human relations management, and the

study of bureaucracy have wide currency outside of the field of

6



management. Relatively fewer people are familiar with the newer

open systems model.

Lawrence and Lorsch (1967) put the matter this way:

Until very recently, organization researchers and
theorists have tended to view the internal func-
tioning of effective organizations as if there
was one best way to organize. No attention was
devoted to the problem in which we are interested- -
that different external conditions might require
different organizational characteristics and be-
havior patterns within the effective organization
(p. 14).

Katz and Kahn (1966) have written what many consider the

definitive work on open systems. They state:

The theoretical concepts should begin with the input,
output, and functioning of the organization as a
system and not with the rational purposes of its
leaders....Our theoretical model for the understanding
of organizations is that of an energic input-output
system....Living systems, whether biological organisms
or social organizations, are acutely dependent upon
their external environment and so must be conceived
of as open systems (pp. 16, 18).

Katz. and Kahn go on to discuss the key elements of all open

systems, whether biological or social. They detail the following

nine separate characteristics, the headings of which are repeated

in their terminology.

1. importation_ of _energy : Some form of energy is input into

all living systems in toms of money, people, ma:erial, and/or

information fron the environment.

2. The throueh,ot' Se...e transformation of the inputs taPes

place within the system.

3. :11,-70,.ttit) Some product of the transformation process

is exported RIck to the environr:ent.

4. Systems as cycles of events: There is a pattern within

systems tiolt is reinforced by the eAport of outputs to the environnvnI.

internally, there are also pattern: which recur as new elements are

input.

7



S. N4',ot.iyo entropy: Entropy is the process whereby

systems, Over time, tend to run down, decompose, eto. Building

negative entropy entails the development of means through which the

system is replenished.

6. Information inputs, ne:aative feedbacy, and the coding

proces.s: Information can be as much of :IA input as physical

commodities. Negative feedhack is information which deflects the

organization hack to a planned course. Positive feedback merely

maintains present course. (A thermostat is an ideal analogue;

temperature change is information to thermostat to bring back to

pre-set temperature level fnegative feedback) . Positive feedback

to thermostat merely "says" temperature setting on thermostat needs

to be changed.) Coding determines what information inputs will be

monitored.

7. The steady state and dynamic homeostasis: Though elements

are constantly being imported and exported, open systems characteristically

maintain a steady state. This is homeostasis rather than true equilibrium

since there is movement, but the relation of energy in and out is

constant. A safety margin of energy is input and stored to arrest

entropic process.

8. Differentiation: Open systems tend to move toward a more

complex form and a more specialized division of activities.

9. Evafianlitl: In open systems there are multiple paths

to the same goal. There is no "one best way."

Principles such as those quite obviously give us a net set of

parameters within which to evaluate the functioning of organizations.

Since they were conceived to be of universal applicability, they do

not have the closed system disadvantage of being idiosyncratic to

particular settings--such as the profit sector of the economy.

The Many Uses of an Input-Output A.pproach: An Overview

The basic concepts of input-output analysis have been used

in different ways in the various levels and settings of our educational

system. In higher education, the unit of analysis has been the academic

8



department (and other cost centers) and stress has been on dollar

inputs. In contrast, input-output studies of elementary and secondary

education are concerned with the individual student as a unit of analysis

with individual characteristics and sociocultural factors as inputs

into the process through which competencies--the output of the system- -

are developed. Use of the flexible input-output approach in such

diverse ways lends to the overall heuristic value of the concepts.

Since the emphasis of the present study is on the explanation

of student performance in the elementary and secondary school setting,

use of input-output techniques as a financial management strategy in

higher education will be discussed here only briefly before delving

directly into the topic at hand. While input-output studies

of higher education, conceived of as management tools, are a more

limited view of the total utility of the approach, they do demonstrate

the variations of the theme in education as a whole.

Rourke and Brooks (1966) believe that there has been a

"managerial revolution in higher education" under way since the early

1960s. In their view, the new approach to higher education administra-

tion hos cor.e about due to: (1) expanded use of computer-assisted

records systems; (2) extensions of institutional research capabilities;

and (3) the adoption of new management tools originally used in

other "complex organizations."

Most characteristic of the new management tools applied to

higher education is the Planning, Prograiaming, Budgeting System (PPBS).

First implemented in the Department of Defense (Hitch, 1971), the

system was heine operationalized in all federal agencies by 1965.

['PBS can he considered rine specific technique of the general

approach known as cost-Penefit analysis. Htl, Lee, Stromsdorfer, and

Kanfmin (1969) define cost-benefit analysis as "a procedure by which

relevant economic and noneconomic criteria are applied to cost and

benefit data to compare the relative merits of alternatives" (p. 20).

Siwcinctly stated, the intent is to compare not only the costs of

different alternative courses of action but also the benefits that

each would ploittec.

9



This approach differs markedly from what institutions of higher

education attempted to do in the past thiough budgetary And planning

functions. As Clark and Huff (1972) point out

Traditionally, institutions have planned and budgeted on
the basis of inputs to departments in the form of dollars,
faculty, staff, physical facilities, etc. Roldtively little
reference was made to the outcomes of the programs those
departments support. Thus, resource requests in traditional
budgets have failed to link costs to program outcomes (p. 5).

Since program budgeting is the most frequently adopted

vehicle of cost-benefit analysis, the present description will focus

primarily on this specific technique. Parden (1971) notes that a

planning, programming, budgeting cycle can be conceptualized in

terms of the following ten sequential steps:

1. Establish objectives and goals.

2. Develop alternative programs which will accomplish
the same goal.

3. Estimate resource requirements for each alternative.

4. Estimate benefits to be gained from each program
alternative.

5. Develop an operating plan by selecting from among
alternatives.

6. Test the long-range fiscal implication of the plan.

7. Compile the annual budget.

8. Evaluate the success with which program benefits are
achieved.

9. Revise planning standards.

10. Repeat the cycle to accommodate changes in objectives,
goals, available resources, and the institution's
environment (from pp. 203-208).

The way in which these ten steps are input into the planning,

programming, and budgeting process is described by Farmer (1970):

Planningthe selection or identificatfr.1 of overall,
long-range objectives of the organization and the
systematic analysis of various courses of action in terms
of relative costs and benefits.

10



Pro ramming deciding on the specific course of action to
be followed in carrying out planning decisions.

Budzetinl--translating planning and programming decisions
into specific financial plans (p. 7).

Weathersby and Balderston (1971) view the matter similarly

and add a time frame for the entire process. Their schema is

presented below:

FUNCTION

Planning

LEAD TIME ACTIVITY

5 to 15 years Articulate global objectives,
costs, and benefits.

Programming 1 to 5 years

Budgeting 0 to 1 year

Translate global objectives
into a specific short-range
course of action.

Determine specific financial,
manpower, and policy plans
toward goals (adapted from
p. 4).

According to Miley (1968) the implementation of such a

programmed budget format ameliorates many of the problems of traditional

"line-item" budgets by providing: (1) a record of accomplishments as

a function of costs, (2) detailed planning for the whole institution

as well as its parts, (3) plannin4 in specific written form so that

it can be discussed and reviewed by all involved, and (4) planning in

time perspective so that alternative courses of action can be evaluated

in terms of long-term capabilities.
1

B4ore delving directly into a description of the types of input-

output analy:;en which have been performed with regard to individual

I
Additional_ inforlition en PliS implementation and implications

can be found in Nowton (1972) and Unif and N.uining (1972).

11



performance in the elementary and secondary schools, it is appropriate

to mention briefly another spin-off of the hasic ;ipproJch which is

nerating much interest in educational circles.

Increasia0y, attention 1!; being centered on the development

of criterion-based school currionla. Also known as competency- or

performance-based education, the new emphasis is placed on determining

what specific skills are requisite to particular educational attainments

(as a measure of school output), in conjunction with a specification

of the inputs necessary to reach these attainments.
2

With regard to

teacher education, toe requirements for certification in many states

have been radically altered to provide for competency-based programs

as a substitute for presentation of selected course work. In New

York and Texas, ability to demonstrate specific competencies has now

been mandated as the sole route to teacher certification (Rosner and

Kay, 1973). Clearly, the attention of many has now been directed

toward the actual cognitive and noncognitive abilities of students

leaving educational institutions. This approach is in stark contrast

to traditional reliance on the degree or diploma as a credential In

itself.

While the approaches discussed in this section indicate the

diversity of present and potential uses of input-output methodology,

the most common use of input-output analyses (and the one pioneered

by economists) has concerned the development of a tentative production

function for elementary nod secondary education. It is this topic which

forms the basis for the next major section of this chapter.

2
Much of the work on criterion-based education has taken

place in the context of teacher-preparation programs. hile a discussion
of these efforts is not within the scope of this study, additional
information can be found in Schmieder (1973), Elam (1972), and
Broudy (1972).

12



Input- Output Studies:

The Development of an Educational Production Function

for Elementary and Secondary Education

A production function, quite simply, is a technical state-

ment of relation between inputs and outputs. As Burkhead and his

associates (1967) indicate, The function may be conceptualized

as a set of relations among possible factor inputs and a corresponding

set of outputs for a firm or industry. For a given set of inputs,

the production function permits the choice of the locus of maximum

output" (p. 18).

In developing a true production function for education, one

is hampered by a number of problems. The absence of any generally

agreed upon theory ef learning is perhaps most troublesome.

In place cf a unitary theory, one finds that educational psychologists

have posited a plethora of theoretical orientations which seem equally

plausible at present.

Additionally, it must he pointed out that if the process is

-amenable to various modes of analysis, so also is the output of

education less clear than one might hope. Most commonly, the

educational process is assumed to have multiple outputs, including

coguilive develop,:ent, improved citizenship, and the potential for

ezonoic independence.

A prominent Canadian educator, W. R. Woes (1967), considers

the foienl thrusts of education to include at least the following:

(1) to teach what is called a body of knowledge; (2) to develop

character and train for citizenship; (3) to foster intellectual

develoient for the society; and (4) to transmit such skills as to

quality students for gainful and productive life. bloom (1956)

likewi.a. sees a rultiplicitv of educational objectives in the

ccW.nitive and noncognitive delnains.

An anAlysis by Poin (1972) shows the complexity of problems

affecting the dt...volopent of an educational production function.

lie illAikatvs:

13



It is no easy matter to specity a theory of production As it
applies to cdu,:atieu. One rea,.ou is the tradition of defining
the responsihilit'; of schools to he tlt of ofcring
opportunities for edLcation rather than insuring that
individuals receive an education....A second factor
which has discouraged attempts to develop a theory of
product inn of educational oucput is the difficulty of
isolating unambiguously the school and nonschool influences
'.4bicl together result in the educational product. A third
reason for the primitive state of production theory in
education has been the lack of agreement as to what the
proper output of educational intitutions should be....
As a result of these and other forces, proportionally less
effort has been extended to the question of input-
output relationships in the education industry than ts
typical of industries producing more tangible products

(P. 10).

Most input-output analyses in education have attempted to

relate student, school, and/or societal factors to the more

limited outcome of student achievement as measured by various

standardized testing instruments. This approach has not stemmed

from any effort to denigrate other aspects of school output, but

rather, as indicat,d by Jencks (cited earlier in this chapter),

intellectual achievement as demonstrated on standardized tests is

the best measure that we have of any of the outcomes at this moment.

Guthrie (1970) suggests that the first significant attempt

at input-output analysis was undertaken in 1956 for the Educational

Testing Service by Mollenkopf and Melville (1956). These

researchers attempted to control for the socioeconomic status of

over 17,000 ninth- and twelfth-grade students in 206 schools and

found a number of factors to he significantly related to tested

ability. These factors include the number of guidance counseling

and support staff in the schools, student-teacher ratio, class size,

and instructional expenditures per student. (This study and those

which follow arc summarized in table 2-1.)

Also of great importance in establishing the value of input-

output studies was the New York State education department's large-

scale Quality Measurement Project (Goodman, 1959). Utilizing a sample

of 70,000 seventh- and eleventh-grade students in over 100 districts in

14



TAME 2-1

Sumrlry Chart of Effectiveness Studies on School Service Components

Study Author(s)

1. '-toilt_nopf all

Meiville (1656)

2. Goodman (1959)

3. Thomas (1962)

4. Green et al.

(1964)

5. Benson et al.
(1965)

6. laesling (1967)

1. Coleman Report
(1966)

8. Shaycoft (1967)

q.

Description
of Sample

U.S., 17,00) 9th (in
100 schools) and
12th (in 105 schools)
grade, male and
female

New York, 70,000
7th and 11th grade,
male and female in
102 school districts

Project TALENT
sample (national)
10th and 12th grade,
male and female

Virginia
(Primarily Negro)
Secondary students

California 5th grade,
249 school districts

New York, 70,000
7th and 11th grade
male and female in
102 school districts

U.S. Sample

U.S. 103 schools
6,500 9th and 12th
grade, male and
female

Burkhead et al. 91,000 Chicago hip.it

(1967) school students in

39 schools. 19,000
Atlanta high school
students in 22
schools and 180
snot 1 community

high schools

..... 411... *sm.

Measure of Measure(s) of Effective
Pupil Performance
(School Output)

Aptitude and achieve-
ment tests

Achievement test

Achievement test

Stanford Achieve-
ment Test

Reading achieve-
ment test

Achievement test

Verbal ability test

Battery of 42 apti-
tude and achieve-
ment tests

Aptitude and achieve-
men tests and school
holding power

School Service Component(s)
(School Input)

1. Number of special staff
2. Class size
3. Pupil-teacher ratio
4. Instructional expenditures

1. Number of special staff
2. Instructional expenditures
3. Teachers' experience
4. 'Classroom atmosphere"

1. teachers' salaries
2. Teachers' experience
3. Number of library books

1. Aggregate measure of
entire instructional
program

1. Teachers' salaries
2. klministrators' salaries
3. Instructional expenditures

1. Expenditure per pupil
(in large school districts)

1. Teachers' verbal ability

1. Curriculum variables

1. Age of building
2. Teachers' experience
3. Teacher turnover
4. Teachers' salary



TABLE 2-1 (Continued)

Summary Chart of Effectiveness Studies on School Service Components

Description
Study Authe:(s) of Sample

10. P/celen Report English ele7tentary

(1967) school studvnts

11. Cohn (195S)

12. Piaytuid (196S)

Icwa high school
students in 377

school districts

W. Virginia, 5,m
high school students

13. Eat.i.man (1968) Roston eleentary
school students

14. Bowles
(1970)

15. Bowles
(1969)

16. Bowles and Levin
(196',b)

17. ilanushek (196S)

U.S. 12th grade
Negro males

V.S. 12th glade
Negro males

17th grade Negro
stuients and 1:th

x.rade Mii:cnts

6th ,,rack white

students in 411
sch,olc and 6th
grale Ngro stuJci,ts
fn 247 schools

Measure of
Pupil Performance
(School Output)

Measure(s) of Effective
School Service Component(s)

(School. Input)

Achievecent test

Freshman year
(college) CPA and
achievement test
scores

School attendance,
schcol he po'-'er,

readine achievement,
special school en-
trance examination

Verbal ability test

Mithenaties and
reading achieve7ent
test an] a test of
wneral academic
ability

Verbal ability test
sores

Verhal ability test

1. Age of building
2. Teachers' experience
3. Teachers' academic

preparation
4. Teachers' "ability"

1- Teachers' salary
2. Number of instructional

assignments per teacher
3. School size

1. Teachers' salary

1. Pupils per classrocri
2. Student-staff ratio
3. Attendance district

enrollment
4. Teachers' employment

statds

5. Teachers' degree level
6. Teachers' es.perience
7. Teacher turnover ratio

1. Teachers' verbal ability
2. Science laboratory

facilities
3. Length of school year

1. Class size
2. Ability grouping
3. Level of teacher training
4. Age of school buildir,
S. Fxpenditures per pupil

1. Teachers' verbal ability
2. Teachers' salary

1. Teachers' verbal ability
2. Teachers' experience



TANIE 2-1 (Continued)

-Summary Chart of Effectiveness Studies on School Service Conpenents

Study Author(s)

18. Ribich (1968)

19. Guthrie et. al.

(1969)

Description
of Sample

Project TALENT
sa!ftple

5,264 6th grade
students in Michigan

Measure of
Pupil Performance
(Sehcol Output )

k:hievemeat test

Reading ability,
mathematics under-
standing,
verbal facility

Source: Reproduced from Guthrie (1970), pp. 47-48.

Measure(s) of Effective
Se .,o1 Service Cmponent(s)

(School Input)

1. Expenditures per pupil

1. School site size
2. Banding age
3. 1 classrooms makeshift
4. Library volumes
5. Textbook supply
6. Teachers' verbal ability
7. Teachers' experience
8, Teachers' job satisfaction
9. School size (earollment)
10. Classrooms per 1,000

students
11. Z of students transferring



the state, the results wore meant to be ..neralizable to all schools

in New York. Input factors found to he !,ignificantly correlated with

measured student achievement include par student expenditures, norther

of special staff personnel, amount of teacher experience, and "classroom

atmosphere." The latter factor evolved from an in-class observation

of the teacher's effort to relate the formal course content to the

needs dud abilities of the particular students.

The next major study was undertaken by Thomas (1962) e,'Iploying

the data generated by the "Proloct TALE;T" study. This sample consisted

of tenth- and twelfth-grade students in over 200 hign schools across

the country. In one of the first major studies to use regression (in

contrast to correlational) techniques, Thomas found the following

factors to be of importance: beginning teacher salaries, amount of

teacher experience, And number of books in the school library.

Perhaps the largest, most comprehensive, and most hotly-

debated study was published in 1966. Directed by James S. Coleman

and his associates (1966), a study entitled Equ,*lity of pucational

02Tor_tunity attempted to determine the school and nonschool factors

related to the achievement of over 600,000 students from coast to

coast. Popularly known as the "Coleman Report," the study found

very little association between school factors (taken singly or

collectively) in comparison to nonschoot factors. Of the school

factors, the teacher's verbal ability seemed to he of most importance.

The Coleman report has been criticized along three basic

axes. First, there is uncertainty as to whether the measurements

used are sufficient for the task involved. Secondly, the handling

of the data is thought by some to have been less than precise.

Perhaps most damning, however, is the fact that many contend the

manner by which the regression technique was used "stacked the cards"

against any strong showing by school factors.

Basically, this latter argument is that step-wise multiple

regression requires the statistical assumption of independence of

variables. Where such independence is not present (i.e., multi-

collinearity is present), the first variables to be entered (in

this case nonschool factors) will appear most potent. In point of



fact, the nonschool and school factors may be so nested within

each other that their effects cannot be so arbitrarily separated.

This criticism has been expounded most persuasively by Bowles and

Levin (196SA, 196Sh).

Following the release of the Coleman Report findings, a

nember of other, less extensive studies were undertaken. The results

of these studies are presented in table 2-1.

After a span of some years, another work has caught the

public eye and galvanized public opinion. Perhaps destined to

be as controversial as the Coleman Report, the work by Jencks and his

associates (1972) sees the appropriate outcome of schooling not as

demonstrated student achievement, but as equality of opportunity.

In this regard, they find the school deficient.

it is our contention] that differences between schools
have rather trivial long-term effects, and tlw.t eliminating
differences between schools would do almost nothing to make
adults more equal. Even eliminating differences in the
Amount of schooling people get would do relatively little to
make adults more equal. If this is true, schools ought
to be judged largely by their short-term effects. This
does not, in our view, weaken the case for di!-.:tributing
school resources and opportunities equally. But it means
that this case is no different from the case for making
the distribution of public parks, trash collection, or
other public services equal (pp. 16-17).

Jencks contends that the main value of the school is its

immediate effects as a milieu. Ile finds this to be no small task

in itself, although others continue to suggest the need for a more

long-term educational output to society.

Concluding Corrnents

This chapter has presented an overview of the many ways in

which educators have found value in the concept of input-output analysis.

The new perspective Includes: a general systems approach to education;

the implementation of program budgeting, unit-cost, and other analytical
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cost-effectiveness studies; the development of criterion-1 ased

educational programs; and the identification of :choot and nonuchool

inputs to level of student achievement.

This chapter 11,1 Hi-used mainly on the study of inputs to

student achievement. In movement toward the development of a

meaningful production function fol. elucation, a number of important

studies have provided pieces of the total picture. The preponderance

of studies sunests that the charlcteristics of teachers and other

professional support staff are of considerable importance in fostering

student achievement. in addition to the caliber of the faculty and

staff, their absolute number and average salaries, as well as the

mechanics of their development, appear to add significantly to their

effectiveness.

It is important to remember that most studies have dealt

with a singular aspect of educational output -7tosted cognitive

achievement. Since few would argue that the educational process

benefits the individual and society only in this one way, increased

efforts must he directed toward the task of identifying and measuring

educational outputs and the factors which contribute to them.

20



CHAPTER 3

TUE PENNSYLVANIA PLAN

Since most of the data used in this study were accumulated

by the Division of Educational Quality Assessment, Pennsylvania

Department of Education, it is desirable to provide some information

about the genesis, character, and development of the Pennsylvania

Educational Quality Assessment (EQA) Program, also known as Lhe

Pennsylvania Plan.
1

Purposes of the Plan

On August 8, 1963, the Pennsylvania legislature passed the

School Reorganization Act (Act 299). Section 290.1 of the act directed

the State Board of Education to

develop or cause to be developed an evaluation
procedure dosinod to measure objectively the
adequacy and efficiency of tile educational pro-
grar.,.; offered by the public schools of the Co:Imon-
wealth. The evAuation procedure to he developed
shall include tests ::easuring the achieve:lents and
perfori7.,Ince of stud,:iiis pttruini; all of the various

subject.:: ,Ind coursc:i co:-..1prkin:, the curricula. The
evalnition uroce,lure Thl11 ho Si) cotuJrncted and
develeye,i as provi le edti: .-;ciL,o1 district with

relvmt to director and

ad:-IinitrJtor; to lit readilY :':ppraHe th..! cdu-

cAtioH .:11 to yi:cctnAN, without
of the district's cducAtionJ1

prU Iest develoed insicr the authorit:. of

this to he :i.iHinistercd to pupil !Mail
bo f,-,r the puipose of :1:.eviding a unitor:A

vvalu:ti(,a of ua,h s...h0 / di ,trier :;rd other
p,:rps,e set !ort,1 in tli 'the

!.tatc o: !tion devi!:e pertorr:Ince

St .1 :'1! I r.i u;,on C 1:v.11u:1r it'll 0-0-
rccni :,ccl (p.

ih1 .Iptcr in at o* 11 v 1,.:!;0:.:,..11.nt in

van .i .1; 3). Al I Ct.' WE .hor:: 1.:1 it t hat luhlicatitt.t.



The need for such an evaluation s.:as apparent when, in the hCaringS

preciMing the enactment 01 the Reor...anizatiou Act, both proponents

and ooponcats of the MOA!;IICO relied on the elusive tcril

cduc:ition" for defense of their respective 110iiions. "lhe obvious

question then arose: "Just what 1; quality education?"

The le,;islation emphasizes the Use of :..he data by school

adainistrators in such i manner that the educational decision-making

process ay he improved.

The Tea Goals cf Duality Education

la an effort to develop a comprehensive instrument which would

be capable of satisfying the desire to measnre educational quality, the

Pennsylvania Department of Education has established the Ten Goals of

Quality Education. The choice of the ten goals was node after consul-

tation with "civic and professional leaders from throughout the state"

(P. 7). These ten goals are summarized in table 3-1.

it is clear that the Pennsylvania Plan provides for a measureent

of quality far different from the widespread use of expenditure data,

quality of inputs, or merely achievement tests. The plan recognizes

*jle importance of such goals as attitude modification regarding

such areas as citizenship, race relations, drug usage, and the

learning process; vocational development; and creative output and

poLential.

Data Collect ton

The process of data collection has undergone some changes

since the inception of the plan. In the first phase (fall 1963), the

fifth and eleventh grades in 100 schools were selected throughout the

state of Pennsylvania for the purpose of testin the reliability and

content validity of the treasures developed to assess the attainment

of the ten goals.

22



TABLE 3-1

Pennsylvania's Ten Goals of Quality Education

Quality education should:

I. Help every child acquire the greatest possible understanding
of himself or aerself and appreciation of his or her worthi-
ness as a member of so..iety.

II. Help every child acquire understanding and appreciation of
persons belonging to other social, cultural and ethnic groups.

III. Help every child acquire, to the fullest possible extent,
nastery of to basic skills in Inc use of words and numbers.

IV. Help every child acquire a positive attitude toward the
learning process.

V. Help every child acquire the habits and attitudes associated
with responsible citizenship.

VI. Help every child acquire ood health habits ancl an under-
standing of the conditions necessary for raintaining of
physical and emotional well-being.

VII. Give every child opportunity and enconra:;ement to be
creative ia one or more tields of endeavor.

VIII. help every child understand the opportunities open to pin or
her to prpare for a pioductive life and help each child to
take. full a:clantage 01 these opportunities.

I. Help every child to understand and appreciate as much as pon-
:,,iole of aellievont in the natural sciences, the social
sciences the hnninities and the arts.

Help every child to prepJre for a world of rapid change and
unforsecale de:iinds in ',:nich continuing education throughout
adult life ;di,a be A nornal expectation.

it v in l'efrisv van la (1973),



In Phase If of the plan (fall 1969), stratified random

(;,triple of seat 31,000 students in grades t ive and elever'iu 428

different schools" WA!; employed (11. i). The data were gathered

mainly for the purpose of studying the T:.eant:w ( the na:-. rical

scores obtained for the various goals so that interpretation of

rosults ..7aluld he pravided to schools in aent testin.

Phase III marked the begLwing of actual. asses!;:lent. Begin-

ning with the fall of 1070, a na7:her of schools have bcoa assessed

each year on the basis of voluntary participation. On the basis of

the Legislative authoriatieu, tla new c,:,.,atations partiui-

pation m-(ndatory, and one-third nL all schools wilt be assessed

each year, so that each school wiLl be evaluated once every three

years. The samples for the periol 1970 to 1973 are (;u7lInirized in

table 3-2. In addition to testing fifth and el....:veath grades, assess-

rent will also be available for seventh, eighth, and ninth grades

to satisfy the needs of middle and junior high schools.

TABLE 3-2

DIA Samples, 1970 to 1973

'eear

Nkr7iber

Dit-cicts
of

8,:hools Grade level
of

Students

Fail 1970 to 110 444 5 26,000

1971. 89 24,000

Fall 1971 to 49 172 5 11,000

1972 53 12,000

Fall 1972 to 84 332 5 23,000

1973 90 11 29,000

Spring 1972 to 55 63 7 15,650

1973 96 148 9 34,850

p. 8.

Source: Educational Onalitv A e,;ment in Peiul!;.ylvania (1973),
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Administration

To avoid what would amount to "a monumental- -and expensive- -

undertaking," local school districts must themselves administer the

assessment. Data are gathered from pupils, teachers, and adminis-

trators. Thi.e. data are sent to Harrisburg, where, together with

additional data on file, analysis of each school is carried out.

Use of the Data

Each school receives a School Report containing the following

information:

(i) The school's standing in the state on each
of the Ten Goals of Quality Education.

(ii) Tho school's standing relative to schools
operating with a similar set of resources.
For example, the Appalachia school with
limited renources is not expected to match
the achievement of an of suburban
school. vith a vastly different student body,
faculty and financial support.

(iii) Tho nchool's standing on each of the differ-
ent rcuourceH; :;any as forty-four) which
a e ei-iployed in settin;t the "level of expecta-
tion" cited in (ii) that "similar" schools
are meeting.

(iv) Ii0;: ,.an` hLh and how min. low student scores
tlere were which contriln:ed Lo the averui.02
cot e--school score- -cited in (I). :tudent

replies to :,elected items,

01

Studect t.,J selected .1-oups of items

(:,ubcales cu each. goal) (pp, I0-11).



It should he noted that the unit of onalvsis L; the schoo_l.

Data cooreviitny, Individual stulents ore not relea:e'd, ana, in Ity

event, students provide anonymvns r.plies so that identllication

of Individual replies is impos:;ihie. The relative stamen}; L1

each of the ten goals is provided throlgh the use of maltiple

re.,ressien analysis, in each sch,)ol's CC 1.:; pre!icted on

I IL: 1)0 of it:; :;1_ an, on nir ,)t2 r UE c: ;) Lisa Lory var i,i let;.

ch school, then, con cc:%pare actual stoling siLh the predictive

(rlative) standinf,. lhe School ifsoport also provides confidence

intervals for the predicted scores.

F:.>,1 division claims that the resul of the assess-

m(..nt program have induced a numbcr of changes in the schools,

including the following:

1. Facultv and students i1lis ail relations meetings

cGaducted;

improvcd "hut anne" of the secondary
faculty;

3. Chaw;ed eiviciis in gaidance, parti(Allarly in
areas of sell-esteem;

4. Revision of social studies curriculum;

5. increased cultural program with FSER Title I
funds;

6, Concentration on knowledge of differing
occupations;

7. 1losic changes in readini; and math pro am;

8. Health edncation program cLingod; and

9. Teacher awareness of test goals (p. 15).
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Concludine Comr.:ent

the nature of the Penns:: lvdn id P ldn dr.,1 t he X4;1; .t co le,:ted

prov a f er I le ground for iurth r input -wit put: and Lys

of secondary :;chools, For the p11rpose r, dt hdnd, ddtd fro-1 the 19%1

to 1972 survey Cor fifty-three ,-;,,conttdry .schools h,ve leon combined

with additional data collected by 4:n ha (l97Th The dddly:Jis here,

moreover, will go beyond the Report, providing dllicional

mdndgement information CO affected schools.
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CHAPTER 4

INPUT-OUTPUT ANALYSIS:

SINGLE- AND SIMULTANEOUS-EQUATION SYSTEMS

Although the School Report (prepared by the EQA staff in

the Pennsylvania Department of Education) is based on multiple

reuession analysis, the main purpose of the analysis is to estimate

equations which provide the best predictors of each of the ten goals.

To that end, all of the available inputs are used as the basis for

the predictive model, although each equation in the model contains

only a small subset of all inputs. The important distinction

between the EQA analysis and the present analyses is the intended

use of the regression ainilysis. If the purpose is merely to predict

the goals, then it makes no difference which inputs are entered in

the equation. A step-wise program which selects the "best" equation

without aay a priori analysis is perfectly satisfactory. However, if

the regression coefficients are to be used for management decisions,

a great deal of care must be exercised in the selection of variables

for each of the equations.

Moreover, the entire EQA analysis is cast in terms of a single-

equation estimation procdure. Since this approach ignores possible

interactions ,1;],one, the outputs, the possibility exists that the estimates

are neither w'biased nor consistent.
3

This chapter therefore explores

both the choice of expl.tn;iLory variables and the utilialion of

simultaneous-eqaation systems.

Actually, two i!,.;:les ;1115:t he sell led: (I) !dent I icat ion and

(2) 0!. 11!,tt. io;i. For Clcu-tun;lt of issues connult vo!,.

(1'471), 7, ,It.C.;11.-d en 71,11,1 ers 1.), and I 1.



0'1 i 1 P t ( ton

Although the education:Li procs:.: cannot be iHuated to an

ordin,ry production process in other ont.erprisc, there are certain

general similarities which pormit broad generaiLlations about the

ednealional production procoss. A; is the case in any production

process, the essential ingredients--the inputs--must somehow be

trar,sformed into outputs. Hence, we must be able to identify the

following: (1) the set of inputs which it; involved in the educational

process; (2) the outputs arising out of that process; and (3) tne

characteristics of the process itself, i.o., the nature or shape of

the production function.

The identification of each of the:,,e aspect of the educational

production process requires a great deal of infory!ation and involves

problems which must be surmounted before an acceptable production

function can be established. Beginning with the 'inputs, one must

first distinguish among several classes of inputs. For example,

one nay divide inputs into "environmental" factors (such as socio-

demographic characteristics of the students and the community) and

schooling factors (teachers' attributes, facilities, etc.). Xoreover,

one could provide further classifications of inputs, such as mani-

pulative vs. nonanipulative variables. Again, what is manipulative

depends on who is to use the results of the analysis. The variable

"state subsidy per weighted pupil," for example, can hardly be

manipulated by a school; however, changes in the subsidy level could

easily be achieved at the state level and, to a lesser extent, at

the school district level in Pennsylvania, where the subsidy level

is, in part, a function of local expenditures per pupil.
2

Perhaps the most troublesome aspect of the input set is the

obvious practical requirement to make use of input 2roxies. For

2
The so-called percentage equalization plan, operating in

Pennsylvania, disburses funds to districts in direct proportion to
their local expenditures per weighted pupil and to inverse proportion
to their wealth, measured by valuation of real property. Sec Cohn
(1974), pp. 52-53, and Johns (1972), pp. 277-289.
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example, the cunt t. leis i(et ot teach to the education.t1 product ion

proce!is nAy he IWAHIIV,(1 by such pre.zie.; A!;

of teacher' education, teacher attitudes and classrocm practices,

teacher experience, and so torth. 3at CA11 ot the,:'' pro.xics provides

at best WI approximate measure for the actual inputs; moreover, a

proxy might represent two 0' more, sometimes contlicting, input

factors.
3

It is therefore crucial that the Input set be chosen

critically, and that any interprettcton of the results take Lids

fact into account.

On the output side, there arc aala substantial difficulties

that must be resolved. First, educational output is both abstract

and multidimensional in character. its abstract nature requires

that apDroximtte indices be constructed to evaluate longitudinal

or cross-sectional output differences. Such indices must be

reasonably accurate ana consistent. In addition, it Is highly

unlikely that Any sin gle dimnsLort of education could describe

the entire complex of educational. output. The heavy reliance on

achievement. scores in studies of educational production reflects

the experience educational psychologists have had with achievement

scores, but the neglect of other outputs could greatly bias the

overall observed perfotmance of schools.

Even if ideal input and output reasures were available, one

would still need to know something about the process by which inputs

are transformed into outputs. Uafortunatety, one is feted with a

total lack of an acceptable and coherent learning theory which could

be used to rr.)ecify an educational production function (liowles, 1970).

Rather than attempt a formulatioa of such a theory (which would require

extensive study), it will be assured here--as most researchers have

3 For an excellent discussion of this point consult Mood (1970).
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d.,,!w:ned so tar-that a Itnear rcidttou,:hip between inputs nud cwtplits

would provide a reasuna:ily satisfactory innction.

In general, then, if one specitle3 u outputs, Q1,

k schoolirg Inpdts, X
i

g and m envronment

.

1'

Q
I I.

Z then gunieraii.7ed prodn.ction iunct:ea for the tth output

Is given by:

(4.1) I

1.1

n)

Timt Is given the levels of the environmental. input set, one would

determine 1 according to the levels of the X-vetor and the random(si c

error, u. If the production function has a linear form equation (4. 1)

becomes:

(4.2)
ai

ht inicrcuct + u
;IL

wherethea..'s and the b .'s are the coefficients which we seek to
11 hi

n)

estimate.

In the present coutoxt, twelve equations of type (4,2) may be

estimated (one for each of the twelve output measures described in

tuble 4-1). Two major problems arise in providing such estimates:

(1) the large number nf and (2) HulticAllnearity. An inspection

of table 4-2 indicates that altogether we have data for fifty-five

inputs. With fitty-three observations, there would be insufficient

degrees of freedom. Also, many of the inputs are correlated with

other inputs to a greater or lesser extent, and, as is well known,

such intercorrelation would obscure the true impact of each variable on the

outwit measures. The full correlation matrix is -,riven in th,-! annendix

`Michelson argues that a linear-additive relation could not be
k!escribcd as a production function in the economic sense of the tern.
Rather, he argues, such a relation provides "c.:.::ficiercs mich describe
in .some averdge way the effect of the independent variables on the
dependent variables" (Michelson, 197(i, p. 133). The distinction is
between a relation providing marinti as opposed to aver:we effects.
lo the extent that the production process is characterized either by
significant interactions or other nonlinear characteristics, the linear'
function will obviously not provide the desired estimates vi the production
function coefficients. However, to the extent that nenlinearities are
either insignificant or otherwise uninportant, the linear function will
he satisfactory.
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1 A:11.t. 4-1

Out it Vir N't In I I ();1', Means, and
Standard Deviations

CL1LpUt

1

9

Acronvn

COAL I

GOAL II

Desc:ription
a

Self Concept

Understantini,, Others

!o:s An

39.41

90.74

!.;tintard

Deviation

1.38

1.45

3 GOAL III-v Verbal Basic Skills 16.03 1.35

4 GOAL III-n Mathematical Basic Skills 18.24 1.30

5 COAL IV Enterest in School 90.97 3.02

6 COAL V Citizenship 163.43 4.83

7 GOAL VI Health Habits 119.53 2.75

S COAL VII-p Creativity Potential 6n.74 1.14

9 GOAL VII-o Creativity Output 137.72 3.30

10 COAL VIII Vocational Development 33.12 0.83

11 GOAL IX Appreciation of Human 153.93 3.25

Accomplishments

12 COAL X Preparation for Came 106.15 2.23

Source: Kuhns (1972), p. 143.

:'or a more detailed description consult Beers (1970).



TABLE 4-2

Input Variables: Definitions, Means,
and Standard Deviations

Acronym Description3 Mean
Standard

Deviation

SEX Student's sex 1.51 0.04

INTERRAC Exposure to different races 1.38 0.37

LOCATION Type of conunicy (urban, rural,
suburban) 3.60 2.01

RACE Ethnic or racial origin 4.92 0.09

LIFJIARY Accessibility of library 4.37 0.31

COUNSEL Accessibility of counselors 4.59 0.26

MORESB Boy's mores 3.11 0.18

l.:ORESG Girl's cores 3.22 0.13

VALUES Personal values 3.91 0.15

ATTEND Student attendance 3.32 0.22

FOCC Father's occupation 34.87 10.16

MOCC Mother's occupation 39.11 7.14

OCW:SIRE Occupational desires 53.50 4.98

OCEXPECT Occupational expectations 45.58 6.73

PCIrlT4 Percentage of mothers worl,iug 0.35 0.10

FAMSES Fatally socioeconoic status 48.60 12.65

VLF. Teacher's a.,;(2 3.69 0.57

11-TOS Teacher's num'ier of years in present
position 4.78 0.50

TCOLLFGE Type of collei,e from v,hirlc teacher
graduated 2.39 0.13

TIOCALE Locale where teachers graduated from
high sehoJI 4.31 0.16

1STAIILE Locale in which t,.:,achers spent most

of their lives 4.40 0.19

TME.D1:C Educational level of teacher's mother 3.74 0.38

Cc Occupational level of teacher's father 4.12 0.61

PLAC11, Perception 0: a;:tual ciaracteri!:tic.s

inflw.ncing pro;essional recs-ditloa 3.67 0.74

ETU:WA Perception of ideal edaideteristics
proiessional recoyitimn 1.70 0.26

TCA:,:F.ER TQACIj'r career aspirations 7.24 0.69

1-:.ATI!"T Teacher !.ati,.facri,:.n 19.85 1.09

01.5CRIT Liffetnee hetweeu real a7Td ideal
Inilunrea rn ell17.1t. On .Vr,.,.:I.'HnC'S 4.74 0.52

Teacher clasroem proctie,s 38.02 1.38

ISAfAU Tenkher's salary 6205.66 562.59

Teacher's teaching experi,nce 11.04 2.68

1MC. Teacher's edneation 4.75 0.29

"1-LX Teacher's !.ex 1.37 0.07

teir ed,:,atloa 51.41 11.51

Fd".i)Y Stat.( td, viwek!ded
)

:!1). 68.01



A,:rony-1

1NSEXADM

KYFW-tT

FOUSINi;

srAvFe

BOOKSP

ClIDANCE

INVATE

ADA

CUG

PRCO

TLOD

CSP.

AF.E

BRAT

AMN

XXMAN

FS':2AT

?SUP

TAr,LE 4-2 (Continual)

Instruction it uxpenses/pupil

Actual tax/racket values

School cnroILLeat

4C:11

423.40

23.79

926.15

StaniIrd
DLvilticn

40.86

3.41

400.42

Types of residcaco in cor.rinnity 3.40 0.67

poor 91.45 6.03

Instructional personnel/pupil 0.05 0.006

Library book!i/pudil. 10.87 3.63

Couriselorslpupil 0.002 0.0005

School u,..r4e ot. innovations 33.55 6.83

Averai,,e daily attendance 932.32 346.19

Cnrricolura 23.92 7.45

Preparation co,L.fficient

(coacher L,pcci.ilizatIon) 0.50 0.09

Teacher load 20.05 1,85

Class size 24.29 5.61

Av,:ra'ce extra:urricular
66.47 21.67

TAiIdin4 ratio-unroltrAent ca;acity 1.03 0.23

Al7Anistralive I:m-hours/pupil 3,95 1.93

rAo-Loor:4puptl 8.02 2.65

Sc.)dcat/acaclic faculty ultlo 30.40 6.43

Paraprofesiional. support 56.08 70.41

AFor a r.oce detailed th,3criptioa conult Kuhns (1972) ml Russell (1971).



Several approaches M.V: be followed to overcome these preblcms.

0:1.2 would he to select variables 101. eqett. ion ea the his Is of

their contribution to eXplatIli:1Y, the output variance. In thih NC laid

one wout,1 continue attlil', explanatory vnri.lbles to the ,vtation

until the addition to lr (the coefficient of determination) Is less

than a pit:specified amevat. (Thin amount miht be set achitrarily,

or, alternativeiy, one eould terminate the addition of variables

when the difference between the R- derived waen the new varia'ele ts

added and that derived before the variable was added is not statis-

tically significant.)

Another alternative would he to employ principal components

or factor analysis to derive a set of new variables from the original

input set. The new set of variables would contain fewer factors

representing most of the variation in the original data ::et, hence

increasing the number of degrees of freedwi and the reliability of

the coefficient estimates. However, the new factors so produced

are usually difficult to interpret, so that the use of factor or

principal components analysis is obviously limited.

A third pus:Ability would he to combine a priori specification

with factor analysis. For example, if one wishes to examine the

effect ot various manipulative variables en educational output, it

would be necessary to express these factors in their original units.

however, there is no need to specify in the equation all (or some

subset) of the vector; of environmental and aonmanipulative school.

inputs. InstcAd, principal cempon.Aits of the latter two groups may

be computed nnd entered in the equition along with those manipulative

variables that arc thought to belong in the enation a p.tiori.
5

In the foregoing discussion it has been assumed that it is

appropriate to estimate separate input-output relationships for each

of the outputs. However, it is reasonable to assume that the educational

process is characterized by strong interdependencies anong the

5
Such a suggest [nit is made by Kendall (1957), pp. 70-74, cited

In Johnston (1972), p. 329.



outputs. To the extent that the degree of simultaneity in the equation

system is statistically significant, biased and inconsistent coefficients

will be produced when ordinary least squares analysis is employed.

Consequently, a simultaneous-equation system should be specified.
6

For the purpose of describing the simultaneous-equation system,

we distinguish between endogenous and exogenous variables. Endogenous

variables are to be determined by the mDdel- In our case, the twelve

outputs of the educational system comprise the set of endogenous

variables, where: s the inputs comprise the set of exogenous variables.

Since estimation of the regression coefficients in the system

requires that th,? system be identified, it is accessary to exclude

in each equation a number of exogenous variables equal to or exceeding

the number of e:iogunous variables which are included in the equation

less one (Johnsten,1972, p. 359).
7
One must, therefore, select different

sets of endogenous and exogenous variables for each of the equations

in the set.

In general, the simultaneous-equation system will have the

following form:

Q1 f

(4.3) .

..) (?;
X ...X X

2 ' Z2' Zr.-1; u 1 )

12
' 93' {fin' X1' X1.1Z1' Z2' Zm; "2)

Q = fn Q2,
X2' ' XklZ1' Z2' ''' Zm' un)

6
Slud!es e.pIoying 1 !,Villt_Irleatri-cquation !;y1;Lc:.)

Fox '71), cvi:; (1), (1);0).
7 II I 1.,4 v.11- i.thi (..!;) .1st' Indcd

itt t it ,'t cl t ()I ,'.o,.. non vir th.tt
Inc t;_',,.1 is t :A k La t he 1:::,11R,r of i.-..,..oy,cclus vat- iably:;
in I tnt.i t "i' 1. Ion
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where the Q's are the outputs, the Vs 3re the school -related inputs,

1.110 are the nt,l1 tctors, tho u's are tandem errors,

and the t's are the functional operators describing the manner by

which the sets of explanatory yiriables wi!hin the parentheses

combine to explain variations in each of the output:;.

Since tu'nc' of the endocnous In! t..ogenons var i.ibles wilt be

omitted tram each equation, the empirical counterpart of equation

system (4.3) would be far more truncated. Moreover, for the purposes

of this study, only linear-additive functional form.; will be employed.

The Data

The data employed in this study were collected in part by the

Pennsylvania Department of Education, Division of Educatioal Quality

Assessment (DL .1), and in part by Rodney J. Kuhns (1912) in cooperation

with !fl\. Definitions of the variables, along with their means and

standard deviations, are reported in table 4-1 for the outputs and in

table 4-2 for the inputs. Moro detaile(i discussions of the output and

input data are provided in Kuhns (1972) and in Beers (1970) and

Russell (1971) .

Data Analysis

Analysis of the data Lakes the form of multiple regression

analysis, including both single and simnItaneons-equation estimation.

As noted earlier, a major problem in the analysis is the choice

of variables to be included in each equation. Much effort has already

been exerted in thin regard, and it would be presumptive to claim any

superior expertise regarding the proper specification of the model.

Consequently, what is presented here does not constitute a complete

overhaul of previous work in the area, but rather a shift in emphasis

and marginal changes in the choice of independent variables.

Since the objective of the study to formulate a model which

is useful for management decisions, the focus is on variables that

schools can manipula;.-e. Examples of such variables arc INNOVATE,

CUG, PRCO, and TLOD. At the s- e time, it is recognized that the
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equations must include variables that describe environmental influences

as well as schooling t'actors which are not easily manipulated.

The following approach was utilized to specify the sets of

explanatory variables for each equation. Kuhns's model, which was

based on the same data and also placed an emphasis on manipulative

inputs, serves as the initial basis for the specification. However,

instead of choosing in each equation a subset of the environs

variables (based upon tic step-wise regression program), all of the

environmental variables were subjected to factor analysis, and four

factors, ta'r:en together, "explain" more than /0 percent of the

variance is that set. The acronym for the ilb factor is given by

SbFAC 2.

Use of such factors restricts the interpretation of the results

regarding student characteristics and other environmental variables.

L'hile it might be interesting to find out about output differences

orong the races and sexes, it is assumed here that the schools cannot

do enything about sex or racial composition. Similarly, it might be

interesting to find the extent of output variations due to locational

differences, but, again, the school managers are powerless to affect

such variables.

The regression ne-ults are reported in tables 4-3 through 4-14.

Tbt first column in each table provides regression results reported

by the i }ivi:;i,ii of Educational Quality Assessment (DEQA) of the

PenTlylv:Ii:i Department of Education. The results are based on a

stn of seventy-three !Aeond.iry schools in the fall of 1969. The

v.trInbles ciceeli in each 4._.,ination selected on the basis of a

step-wise reere:;sion proerAm (UPHEC). The second column in each of

tbose tables reorts the rreression rcults obtained by Kuhns (1972).

In !.,i11W. examined data pertaining to fifty-three secondary

!;cLells in thy f 21 of 1^.61. In ,chit ion to the data generated by the

Kuhns g itheresi intor:7,zt ion ib i-)at additional 7i,mipulative

v,rri.;b10.;, 1.;;LO, 1;1 ;1tr, AX!!AN, VSRAT,

,el! rs! t;:e rolel .,:as also (!etvriliued by the

t,

19



TABLE 4-3

Production Functions for Coal 1: Self Concept

Explanatory
Variable

Endoz),nons

GO31 III-v

Goal III-71

GOA IV

Coal VI

Coal VII-p

Coal VIII

Coal IX

1.7:!:°.Ecus

Single-Equation System

Alternative
DEO Kubns (1)

Simultaneous system

Models

(2)

0.064

(0.26)

0.026
(0.13)

0.071
(1.22)

-0.059
(0.74)

-0.057
(0.45)

0.959
(4.37)

0.014
(0.17)

0.310
(1.00)

(0. 34)

0.013
(0.20)

-0.054
(0.56)

-0.055
(0.22)

0.643
(2.40)

0.035
(0.84)

LOCAIION 0.273
(2.63)

RACE -1.347
(3.52)

COUNSEI. 0.866
(2.09)

VALUES 2.479 3.fs916

(3.12) (3.57)

FAMSES -0.0271
(1.55)

TSTAPL 1.5-0

(2.97)

0.401
(1.49)

EYAC1L -0.577
(4.15)

1.S7,1J,5ti

(3.)6)

iFJUC 1.91) 0.5191 0.723 0.699 0.503
(3.59) (0.36) (1.1.3) (1.16) (1.07)

PGSTCPAD -0.021 0.0121
(2.35)

Evrkm 0.095 -0.(113-5 -0.954 -0.027 -0.014
(2.'55) 10.4) (1.11) (1-J.59) (0.37)

et.ea.'5

0. 4C)1

(1.63)

IX10AN.T 2.0.115 t'24.51.31 433.612 -1(,a. a06 57.3'9
(2Y (1.31) (M!,) (0.13)

(1.nA)



TA0 E 4-1 (Continued)

Explanatory

Sin,;lo-fiAtion System

Alternatte !!ode1s

4,3-04

SItmltmb-.2ous System

Varible DNA Kuhn; (1) (2)

TLOD -0.1806 -0.223 -0.030 -0.046
(2.00) (2.54) (0.35) (0.56)

CSIZ 0.1141 -0.031 -0.008 -0.003
(1.91) (1.02) (0.23) (0.31)

AEE -0.0095 -0.001 -0.007 -0.011

(1,10 (0.12) (0.95) (1.48)

AHAS 0.1q13 0.116 0.102 0.042

(1.94) (1.17) (1.0)) (0.45)

AXMAN -0.2416 -0.204 -0.150 -0.121

(1.42) (2.94) (2.4b) (2.10)

FS?AT -0.0967

(1.72)

SEFAC 1 0.231 0.209 -0.039

(1.37) (0.92) (0.15)

SEFAC 2 -0.602 -0.366 -0.373
(4.04) (2.42) (2.55)

SEFAC 3 -0.097 -0.099

(0.58) (0.66) (1.04)

SEFAC 4 0.065 -0.111 -0.133

(0.39) (0.71) (0.38)

intercept 63.39 76.52 92.30 91.10 25.46
(12.82) (28.40) (17.15) (1.36)

2
Rc 0.61 0.51 0.47 0.65 0.66

F 9.03 5.20 4.37 6.21 6.21

SEE 0.975 0.967 1.006 0.812 0.312

N 73 53 53 53 53

1

Sure. ..:: For DKOS, cn7.pnter print-out furnished by the Division of Educational
Ouality Asseunent, Pennsylvania Deplitnent of Education. For Kuhns, Kuhns (1972),
table 5, p. 71.

Notes: Rc roefficIont of determination adjusted for degrees of freedom.
stanJard error of esti7ate.

Numhurs In parentheses are t-ratlos.



TABLE 4-4

Production Functions for Goal 11: Understanding Others

Ex lavatory
Variable

F.7-!doen,,As

Cpal 111-v

Coal 111-m

VALEE'r;

LOCATION

LOOKFT

STAFFP

mORFSP,

TCOLLFW.:

11000

7CAiaLl:

1::FK0

1311:1'

LFFHi

IL i.)+,

At 3,

kRA1

DNA

4.647

(4.99)

0.454
(4.60)

0.045
(1.54)

39.277
(2.32)

1,777

(3,12)

5.326
(3.29)

2.318

(3.22)

0.525
(3.10)

- 14.279

(2.11)

0.772

(2.44)

-0.31,C)

(1.5:4)

O.G I

(:.15)

0.116

Sinr,le-Equation S.istem

Alternative

(1)

Models

(2)

Simultaneous System

Kuhns

0,052
(0.17)

0.020
(0.07)

-1.9%437

0.261
(0.93)

-0.039
(0.16)

-1.3025 -1.274 -1.331 -1.324
(1.(12) (0.32) (0.89) (1.04)

-0. 3211 -0.317 -0.317 -0.324
(0. ) (0.93)

n.(),32

(5.3:0

0.W)T4 0.1, ,)2 0.11-n'02 0.0002
(1.43) (0.454 (0.55)

i1. 1'i1 (1.072

(,1 (1.37) (1.2)) (1.59)

0.1:012

)

0.A5
(2.

0.0A3 00111:,

(2.55)

ro.1110, 0.15 0.157
(1.3 9 (1.1(0 (1.4,5) (1.58)

-0.00
(1.h)) (1,33)

0.01: 1 0.0:1 0., 0- (3,01:)

(1.4i) (0.'1'41 (11.1,'4) (1.1.c.)

-1.1h1
(1 4) (1.41 (1.76)



TABLE 4-4 (Continued)

Explanitory
Variable DNA

Sio,,,loEvatIon

Kuhns

System Simsltalleous System

Altermitive

(1)

Nodels
(2)

FS RAT 0.0660
(1.15)

?SUP -0.0025 -0.0009 -0.0003 -0.0006

(1.12) (0.36) (0.11) (0.29)

SLFAC 1 0.658 0.653 0.806

(4.00) (2.31) (3.02)

SEFAC 2 0.230 0.254 0.237
(1.33) (1.45) (1.61)

SEVAC 3 0.056 0.030 0.042

(0.23) (0.14) (0.23)

SFEAC 4 0.058 0.032 0.047

(0.31) (0.16) (0.29)

Intercept 63.17 95.29 93.10 83.87 91.76

(14.90) (17.35) (11.51) (14.04)

e
2

0.66 0.51 0.41 0.40 0.40

F 11.56 5.26 3.59 3.18 3.18

SEE 1.11 1.01 1.11 1.12 1.12

N 73 53 53 53 53

Sour,:cs: For DLQA, see table 4-3. For Kuhns, Kuhns {1972) t ta6Ie p. 73.

Note:;: ccofficic;:t of L!eterminAtIon adjuite3 for degrees of fitiodors,

SEE = sta;11ari orror of estfrato.
,!;:50rs in p.ironthe:;es are t-raftos.



TABLE 4-5

ProJurtioa Functions for Coal III-v: Verbal Skills

Explanatory
Variable

rrrioEyn3us

Single-ETIALien System Simultaneous System

DEQA Yubns
Altornative !Weis
(1) (2)

-------- -_-_-_-______

Coal I 0.006 0.119

(0.05) (0.85)

Coal II 0.032
(1.02) (0.34)

Coal III -.-1 0.548 0.427
(5.95) (3.68)

Co a1 VI -0,006 0.024
(0.10) (0.41)

Coal VIII 0.089 -0.043
(0.33) (0.20)

F',3'oa nods

TEXPEB 0.087 0.0494 -0.007 -0.008 -0.008

(3.05) (1.02) (0.13) (0.15) (0.23)

STAFFP 29.635 "4.1747 31.341 14.799 15.146
(2.81) (1.12) (1.26) (0.81) (0.94)

ADA 0.0019 0.0010 0.0005 0.0006
(2.13) (1.81) (1.21) (1.67)

CUC -0.3750 -0.079 -0.0)5 -0.003

(1.9)) (1.24) (0.30) (0.53)

1,00 -0.1601 -0.227 -0.140 -0.131

(2.22) (2.78) (2.00) (1.94)

AF.E 0.0101 0.017 0.009 0.012
(1.53) (2.13) (1.61) (2. 20)

0.1:=61; 0.13 0.144 0.144

(3.60) (2.41) (2.38) (2.76)

AX,".AN -0.0067 -0.0:2 -LCY, -0.049
(1.45) (1.30) (1.13)

LX:ATION
(..11)

VA111.S 1.471
(2.1a) (1.)1)

lOcC 0.121 0.8765

(6.73)

Oc." I 0 CI' -0,168 0.5;93
(2.21)

01'.11::: 8.125

(2. "i)



51!:.1E 4-5 (Coatinued)

sza. a c,s. - -- v_v - a a ..v--tssza v

ExplA:Itory
VariALO.o

POSIGPAD

)10JSINC,

DNA

0.029

(1.16)

0.497

(2.70)

Alrtrnalvo Models
Nulms (1) (2)

Sy:-.tem

SEFAk.: 1 0.755 0.341 0.422
(4.10 (2.28) (5.02)

SHFAC 2 -0.122 -0.114 -0.031
(0.93) (0.97) (0.29)

FAC 3 0.211 0.023 0.066
(1.50) (0.2(i) (0.67)

SEFAC 4 0.233 0.075 0.078

(1.0) (0.67)

loteropt 095 0.009 17.726 -6.403 -3.935

(0.03) (6.99) (0.42) (0.1(i)

2

R 0 71 0.72 0.58 0.50 0.89

F 25 33 11.04 7.10 12.88 12.33

SEE 0.792 0.719 0.869 0.610 0.610

73 53 53 53 53

For DFQA, eo ti:-,IC 4-1. Fr r.1'1171,-; (1912), 1,1!-)tk! 9, P. 76.

2
of 1,:tor.:iv.itiwl A1jw....,1 for 10yreci of freodom.

81 I. oL.ir Fri error ot

::';7,1prs in rir,:nthe... are L-ratio.



LxPlanatouy
Variable

Goal 1

Goal II

Goal III-

(Thal VI

Cori VIII

E.Y.os-enou,4

GUG

PPC61

Ti 00

ALE

LX !'.AN

\i too

PSUP

10) XW

1W15ES

Uo1-6EAP

3

4

TAbLE 4-6

Production Functions for Coal 111-m: 11th SVIlIs

Single Equation System Sic.ultancous Systen

AltorrAtive 1.!odtis

DC-0 Kuhns (1) (2)

228

(2.35)

0.007
(5.59)

2.129

(1.%6)

1.490
(5.2:±)

-0.0387 -0.038

(1.72) (1.45)

-I.B326
(1.23) (0.81)

-0.1917 -0.155

(2.39) (1.72)

0.0238 0.011

(3.) 0) (1.1b)

-0.0703 -0.041

(1.22) (0.(2)

-0.0C44 -0.005
(2.27) (2.54)

-0.2701

(2.44)

(0. 98)

-4.8529
(t.1)

0.16,13

(2.n5)

-0.043

(0.26)

0.020
(0.18)

0.810

(5.47)

0.039

(0.54)

0.136

(0.47)

0.014

(0.64)

(0.21)

0.0)5

(0.56)

- (1.00?
(0.24)

-0.600
(0.])

-0.002
(1.10)

0.142

(0.72)

0.039
(0.32)

0.556
(2, 72)

-0.053
(0.60)

-0.025
(0.08)

-0.030
(1.47)

-0.115
(0.07)

-0.046

(0.55)

0.004
(0.60)

-0.005
(0.10)

-0.004

(1.98)

0.174

(0.72)

0.00
(G.52) (0.52)

0.100 0.215

(1,6(0

0.1(.4

0.1,0 (0.7



rAmT. (Corltiuued)

Explanatory
Var1151e

.'..s..,

DEO

+1,, a.

Slq410-FquiLioa Sy5ttri

Alternative

Etibus (1)

1',

SirAltanroul

:q,odeli

(2)

Intercept -0.390 19.00 22.91 3.15

(0.19) (11. 28) (0.26) (0.15)

Rc 0.76 0.51 0.36 0.64 0.64

33.24 5,85 3.91 7.25 7.25

SEE 0.819 0.913 1.041 0.73 0.78

N 73 53 5) 53 53

Sur?: For DEA, see table 4-3. For K0111, Ku!):1!; (1972),

--_-_-_-_-_-_-_-_-_-__

t.ibie 11, D. 78.

= ceft oof determination adjotei for degt%,s of frocaom.
stand.lri error of ,2tiFiate.

rs in pare;Iihoes are t-ratips,

Stmn



TABLE 4-7

Production Functions for Coil IV: Interest in School

Sing1e-Eqoatio:; System

Alternative

I Simultaneous System

Explanatory Models
Variable Ku11ns (1) (2)

PflO

Goal 1 0.186 0.134
(0.58) (0.33)

Goal V 0.245 0.114
(2.17) (1.18)

Goal VI -0.203 0.121
(1.17) (0.56)

Goal IX 0.325 0.308
(2.34) (1.74)

Flx°121".

GUIDA!:Cr. 1372.002

(3.17)

LIBRAPY 1.140 2.6638 2.802 1.505 1.489
(2.87) (2.54) (2.53) (1.56) (1.48)

ITPDS -1.665 0.6535 0.608 1.002 -3.892

(2,4R) (0.68) (0.42) (1.16) (2.35)

TSATISY 0.480 0.3810 0.358 -0.302 0,396
(2.06) (1.24) (1.05) (1.07) (1.59)

tiORESB 2.876 5.8656
(2.00) (2.84)

110.01N=.1 0.107
(1 .86)

P0-.;TRAD -0.056
(1.83)

?:OCC 0.095 -0.1131
(1.75) (1,78)

rCTMW 7.267 -7.3381
(1.70) (1.86)

ATTEND 2.482

(1.65)

IJJyj
(1.5'1)

VAL418 3.1,15 8.121S

(1:0) (3.22)

(1,22)

181.51A. 1.434 -3.0)8Y -3.t4 -1.f,7 -3.802
(1.7:) (1.4) (1.;4) (2.35)

183.1.20,I U. (0. 0 0

(1.i,-) (1.6 1 (:).1.,..,) (0.78)

-0.10. :,-, 0 . , , . 1 0 . -0.011
(1.1 t) (1.18) (0.2h) (0.78)

-2.:' 8-, -2.r,-o -1.4...e,

(1.1,,) (1.)0 (u.,r i (1.)
_ ._ [



1 ....-L- -- i-, -

Lxplanatory

WIAN

ES RAT

SEFAC

SEFAC 2

SEFAC 3

SVFAC 4

to,tercopt

R

SEE

DEQA

23.12

(1.66)

0.416

4.66

2.31

73

Fyrce..-:: For DEc?A.

,:oeCtri.:ik-nt of dutcr:lination a1 justi1 for klc:.;rces of freedom,

= .,;:an,Aard error of estirate.

N,.17:15cr..; iR p,IrctIthi,se .ire t-ratios.

fAbLE 4-7 (Contlnuo0

SirlOc-FT:ation

-0.1957

(1.41)

-0.1314

(2.16)

45.45

0.61

4.69

2.18

53

-,,u e
Ssta

Alti:r;lJtive !.!odcls

(1) (2)

-0.171 -0.106
(1.11) (0.32)

-0.120 -0.063

(1.73) (0.33)

-0.849 -0.052

(1.71) (0,16)

-1.521 -0.595
(1,15) (1.47)

0.161 0.163
(0.89) (0.45)

0.733 0.305
(2.12) (0.87)

35.34 10.38
(6.18) (0.33)

0.36 0.61

3.91 5.38

1.04 1.87

53 53

4-3. For 5uhni. 3u11:14 (1922),

re., -
S ints------------------------tiar,t3s. System

-0.036
(0.75)

0.0004
(0,007)

-0.406
(0,79)

-0.381
(0.9;)

0.123
(0.42)

0.03/
(0.11)

-12.45

(0.37)

0.65

5.83

1.37

5)

p. 81.table 13,:=oe ta'31u



TA BIT 4-8

Product ion Pur,,Alons for CoAl V : Cif iv.mship

Px-dlin3t.ory

Single-EquAt ion S..,tem

Alternative Models

SiMu1tWWOuS Sys en

1/Jr DEQA Kuhns (1) (2)

Go Al iv 0.709 0.537
(3.69) (3.04)

co31 VI 0.145 -0.032
(0.66) (0.13)

(11..11 VII -0.277 -0.269
(2.21) (2.0))

(oAl VIII 1.401 1.422
(2,15) (1.92)

Col IX 0.272 0.332
((.51) (1.75)

.KxoLe_nous

V...,1 1211S 9.203 16.6300
(3.46) (4.96;

TAG F. 1.755
(3.60)

012,na'KC 1 -0.656
(3.59)

4.745 2.621 2,522
(3.3') (1.01) (1.33) (2.16)

, 2.S11 10.2521
(2.2&) (1./1)

; 4.730
(2.50)

0.516

2.468
(2.41)

-0.V)14 0.0')11

(I . (39) ;1 .53)

S IC1.367

(I. Y(3)

-

-0.7)5
33 k 1. (0.22)

,r/.1 9 13

(1. lf,) ( (().') ) (0.

(0.9

-2.
11 . (1.20) (1.17)

fi.f:01

I

cv I) I .2 i

(1.I.$) (1 (1.1n



TABLE 4-3 (Continued)

..el -'.- -- y.,' - _ a -",,-....-..---

Explanatuty
Variable

TUX)

CS 17.

BRAT

--,- - - , -- .. . - t .. Ya ,...

Eqaation System

Alternative
DNA Kuhns (1)

, a-.

Models
(2)

0.070
(0.23)

-0.021

(0.32)

Si%ultaneous System
--_-_-_-_-_-_-_-_-_-_--

-0.2732
(0.90)

0.1537
(0.79)

-3.5063
(1.55)

-0.486
(1.54)

-0.176
(1.50)

0.012
(0.05)

-0.052
(0./5)

N!'t\N 0.7223 0.586 0.595 0.564
(2.21) ( 1 . 2 ) (2.57) (2.99)

AXMAN -0.2324 -0.236 0.014 -0.003
(1.14) (0.91) (0.03) (0.(75)

FSRAT -0.3242
(1.34)

SEFAC 1 -1.916 -2.191 -2.185
(2.66) (4.11) (4.33)

SEFAC 2 -1.913 -0.209 -0.403
(3.59) (0.47) (1.05)

SEFAC 3 0.783 0.334 0.452
(1.43) (0.87) (1.43)

SEFAC 4 1.390 -0.123 0.110
(2.63) (0.23) (0.23)

Intercept 67.97 95.16 192.18 -35.94 -17.66

(3.31) (7.30) (0.56) (0.21)

2
R
c

0.534 0.56 0.40 0.78 0.78

7.75 5.12 3.72 10.73 10.13

SEE 3.35 3.24 2.33 2.29 2.29

73 53 53 53 53

50)1-ceri: For PLO, sce table 4-3. For Kuhns, Kobrui (1)72), table 15, p. 33.

Sale: 8. = coefficient of determination aosted for degrees of freedom.
= standard error of estimate,

Nun!,Qrs in parentheses are t-ratios.



TABLE 4-9

Productica Functions for Coal VI: Eealth Tibits

Sirigle-Equation Systcm SirJoltaneous System

Explanatory
Variable DEQA

End2Lcnou3

Goal 1

Goal 111-y

Coal 111.-n

Go'! IV

Coal V

Coal VII-o

Coal VIII

Coal IX

Yxounpus

Kuhns

RACE 1.545
(2.41)

NORESB 6.494 2.6473
(5.10) (1.1))

IFNC 3.309
(4.14)

LOCATION -0.648
(4.10)

TM.C.01T 1.6G9
(3.13)

NORESG -5.246 4.0577
(2.53) (1.15)

SEX 71.4221

(2.00 (3.31)

ATI124) 1.66
(I .65)

LILRARY -1.339
(I.1)

VALUYS 1.67

(2.41) (1.0)

TL(a.:Al i 2.071

(2.29)

------------------.----------- --_-_-__
Alternative Models

(1) (2)

-0.133

(0.30

0.139

(0.33)

0.191
(0.53)

-0.038

(0.25)

0.036

(0.73)

-0.099

(0.97)

0.637

(1.19)

0.098
(0.73)

0.287

(0.59)

0.195

(0.35)

0.359

(0.81)

0.105
(0.65)

0.081
(0.46)

0.031
(0.60)

0.385

(0.61)

0.064

(0.33)



TABLE 4-9 (Continued)

. . . . , . - -

DNA

. . . . . - - . -
Single-Equation System

Alternative Models
Kuhns (1) (2)

_ , - , .

Sil,ultaneous System

Explanatory
Variable

TSALARY -0.0010 -0.0010 -0.0009 -1.0009
(1.91) (1.82) (1.72) (1.68)

COG -0.1033 -0.099 -0.041 -0.075
(2.50) (2.27) (0.31) (1.59)

MOD -0.5563 -0.455 -0.273 -0.330
(3.51) (2.95) (1.62) (1.96)

AKE 0.0214 0.017 0.016 0.021
(1.50) (1.03) (0.97) (1.33)

BRAT 2.2765 2.175 1.633 1.324
(2.03) (1.83) (1.22) (1.32)

AXHAN -0.1656 -0.160 -0.162 -0.123
(1.46) (1.44) (1.31) (1.07)

FSRAT -0.1442 -0.151 -0.090 -0.093

(3.05) (3.17) (1.76) (1.84)

FSUP -0.0103 -0.011 0.003 -0.011
(2.64) (3.00) (2.01) (2.30)

SKFAC 1 0.704 0.505 0.803
(1.96) (0.99) (1.08)

SEFAC 2 -0.993 -0.662 -0.446
(3.74) (1.76) (1.16)

SKFAC 3 0.418 0.153 0.301
(1.46) (0.51) (0.981

SEVAC 4 1.104 0.635 0.817
(4.22) (2.28) (2.54)

Intercept 44.849 72.39 142.22 76.76 80.70
(4.00) (22.40) (2.00) (1.94)

2
Re 0.70 0.62 0.50 0.64 0.64

13.84 7.44 4.67 5.60 5.60

SEE 1.80 1.70 3.46 1.65 1.65

73 53 53 53 53

Sourroq: For r4-0, c,0 tml-On A-3, vor K.111-ms, Kuhns (1972), table 17, p. 86.

Notes: R
2
= coefficient of determination adjusted for degree of froedom.

_ ,

SF.E = scanAlrl error of esti:7ate.

Numbers in parenthcses are [-ratios.



1A81E 4-10

Prodnetion Functions for Goal V11-P: Creativity Potential

-- - -

Explanatory
Variable

End9L,e0011ti

Coal 1

Goal V11-0

Goal Still

Goal IX

Goal X

Fa:al-noon

OCDESIRE

1NSEXADM

ENROLL

FAMES

ATTEND

SALAM

DEO

0.115
(3.67)

0.006
(2.76)

-0.0005
(2.70)

0.033
(2.61)

-1.265
(2.29)

S,,1_'-Fq,ation

Knhns

0.1184
0.16)

0.0004

System Simnitaneous System

Alternative Models
(1) (2)

0.030
(0.21)

0.099
(2.91)

0.112
(0.50)

0.172
(3.75)

0.030
(1 . 50)

0.0005 0,0002

0.159
(0.89)

-0.003
(0.07)

-0.031
(0.12)

0.190
(3.09)

0.062
(0.94)

0.0002
(1.47) (1.58) (0.85) (0.95)

FRCO 4.3489 3.444 1.183 3.680
(3.14) (2.12) (2.26) (2.28)

ES RAT 0.0473 0.035 0.042 0.056
(2.39) (1.44) (2.11) (2.76)

SFFAC 1 0.441 0.346 0.379
(2.85) (2.66) (2.75)

SFEAC 2 -0.174 0.111 0.265
(1.19) (0.94) (1.77)

SFFAC 3 -0.153 -0.031 -0.117
(1.11) (0.74) (1.07)

5E7/0 4 -0.016 -0.191 -0.250
(6.37) (1.6.6) (2.09)

lterce;.t 54.37 47.61 54.19 -4.44 -4.44
(22.61) (18.11) (-0.33) (-0,31)

H
2

0.577 0.40 0.30 0.63 0.63

20.64 9.54 4.19 8,28

SEE 1.107 0.883 0.331 0.694 0.695

N 71 53 53 53 51

.k :Aid, 4-3. for Y.,r'Gns, 1.1311% (1), t.31,14. 19, p,R8.

I. :7 a f!..,tcA f r f rt,

73 F ii F
)1 I ,.r Tr.r ;

N,R7?Cr, lit VA I ,!.3 H. 41 4 .1 r I- 0 I ,,.



TABVF. 4-11

ProJocti(as Functions for Goal VI -o: CrpativIty Ok,tput

Explalatore

Systu.1

Xodi1i

Systel

Variable DEA (1) (2)

..!..11)01,2110tiq.

Goal V -0.278 -0.273
(2.15) (1.72)

Goal VI -0.095 0.162
(0.40) (0.57)

Goal VIE-1) 1.330 0.811
(3.23) (1.53)

Exo6cnow;

TSTABL -4.294 -4.9)51 -2.408 -2.718 -2.741
(5.22) (1.76) (0.35) (1.03) (1.25)

RACE -2.813
(4.80)

OCEXPEU 0.194 0.2142
(4.10) (2.66)

EFFORT -0.186
(3.06)

SEX -10.373
(3.16)

LIBRARY 1.376
(2.53)

LOCATION -0.426
(1.34)

PC1NU -5.941 10.3527
(2.29) (2.06)

TALE 0.358
(1.71)

SUBSIDY 0.007
(1.4Z)

MORESG -2.001 -9.2067
(2.04) (2.43)

TSALARY 0.0021 0.0018 0.0016 0.0019
(2.13) (1.71) (1.64) (2.21)

TEDUC -1.243 -2.9251 -2.36 -1.969 -2.427
(1.53) (1.46) (1.35) (1.03) (1.45)

HOUSING -0.337 0.9064
(0.73) (1.09)

TLOD 0.2905 0.153 0.006 0.103
(1.13) (0.57) (0.02) (0.45)

CSIZ 0.1852 0.121 0.019 0.063
(2.22) (1.32) (0.22) (0.78)

BRAT -4.2561 -4.509 -5.650 -5.959
(2.22) (2.21) (2.88) (3.23)

Ar-,N -0.1',27 -0.251 -0.2SO -0.265

(0.90) (1.31) (1.6S) (1.75)



TABLE 4-11 (Continucd)

DEQA

Single-Equation System
I

Alternative Xodels
Kuhns (1) (2)

Simultaneous System

Explanatory
Variable

?SUP 0.0103 0.005 0.005 0.007
(1.69) (0.70) (0.76) (1.17)

SFFAC 1 0.937 -0.288 -0.083
(1.65) (0.45) (0.12)

SEFAC 2 0.317 0.061 0.163
(0.72) (0.13) (0.36)

SEFAC 3 -0.814 -0.238 -0.507
(1.82) (0.55) (1.25)

SEFAC 4 -0.595 -0.175 -0.456
(1.30) (0.37) (1.00)

Intercept 184.59 177.44 147.72 129.62 126.11
(21.79) (8.50) (.21) (2.92)

2

0.62 0.599 0.17 0.36 0.36

9.93 2.63 1.92 2.95 2.95

SEE 1.65 2.80 3.00 2.64 2.64

73 53 53 53 53

Srm. For DNA !,eo taMe 4-3. For KU/13S, Kuhn,. (1912), table 2], p. 91.

= coefficint of deter;l1a.it1on adjnctel for degrees of freedom.

SEE = stan,lard error of e!,.t17.ato.

Nu.77Fcrs in 1: 'c ar, f-rJtios



lAbLE 4-11

ProJu,.tiou Functiou4 t1,1. (,o,i1 VIII: Vocatiu311 0velopot

SEX

ExpllIktory
VridbLe

:lc 110 I g

Goal

Ill-v

Coil 111-..1

Coal V

Co.11 VI

Coil 121-p

COAL IX

Ex01-1°..:1211A

S111,;10-1-,;43tion - ------------
AltornaLvo Mo,le1s
(1) (2)

0.401
(5.63)

0.052
(0.46)

0.013
(0.19)

0.026
(1.60)

0.035
(1.67)

0.022
(0.21)

-0.029
(0.067)

Sft.:(11tAnoow. Systctl

0. 109
(4.43)

0.019
(0.54)

-0.131

0.011
(0. 03)

0.0)2

(1.52)

-0.127
(0.74)

0.003

(0.04)

STAFF(' 10.112
(1.13)

(X EXPECT -0.065

(1.69)

FOC.: 0.052
(3.55)

VALUES 1.936 0.9296

(3.3)) (1.52)

3.779 3.1811
(2. 66) (1.44)

01`,GRFP -0.292
(2.11)

T3AFISF 0.116
(1.71)

TMEDUC 0.318 -9.2973 -0.179 -0.295 -0.24?
(1.71) (1.09) (0,57) (1.18) (1.31)

REAM. 0.297 -0.2112 -0.195 -0.211 -0.186
(5.01) (1.77) (1.60) (2.03) (1.82)

TSA1ARY 0.0003 0.0001 0.0002 0.0003
(1.54) (1.69) (1.25) (2.09)

TEXPE -0.0799 -0.076 -0.031 -0.064
(3.06) (1.83) (1.49) (1.16) (1.53)

POSTC,RAD 0.023 0,0033
(2.69) (1.09)

TEOCC 0.375
(3.42)

Cllf; -1.0:51 -1.042 -0%022 -0.025

(3.17) (2.61) (1.95) (2.44)

PRCO 3.8:05 3.146 3.551 3.A05

(3.50) (2.52) (3.93) (4.21)



TABLE 4-12 (Continued)

F.xplanatory

Variable DNA

Single-Lquation System

Alternative Models
Kuhns (1) (2)

Simultaneous System

TLOD -0.1889 -0.197 -0.054 -0.072

(3.57) (3.45) (1.50) (1.81)

CSIZ 0.0472 -0.026 -0.00009 0.007

(1.45) (1.36) (0.006) (0.51)

A.XMAN -0.0427 -0.030 0.031 0.023

(1.13) (0.73) (1.(38) (0.91)

FSRAT -0.0733
(2.39)

SEFAC 1 0.168 -0.057 0.50
(1.22) (0.45) (0.36)

SEFAC 2 -0.101 -.259 0.26S

(0.92) (2.95) (1.21)

SEFAC 3 0.0!15 0.022 0.045
(0.44) (0.30) (0.67)

SFFAC 4 0.135 0.022 -0.011
(1.39) (0.27) (0.12)

lnteicept 63.96 78.74 85.20 37.80 41.55

(18.57) (22.86) (4.87) (4.56)

R
2

0.64 0.52 0.42 0.75 0.75

F. 11.67 5.28 3.68 5.fl 8.80

0.704. 0.7.7'. 0.612 0.414 0.414

73 53 53 53 53

: lot table For F.01:04, K; W: (1972), tr,ble 23, p. 93.

g
2

cc.Hf!cirnt .f 341c,:;0,1 for Oco.k.4--; of irceAcm.

c:

'N,1-1oefs in Arc t-latf,5.



I.110.E 4-13

Proauctton Fonct1o11.4 for Goal IX: Apprv,Altion of liktv,a1 Accorylfshents

Explanatory
Variable DEO Kuhns

Syitvn

Altvrn4tIve !todels

(1) (2)

S1.-.Altancoai

En21oe,enou4

Coal 0.19/ 0.616
(1.20) (1.90

Coal IV -0.093
(0.37) (0.52)

Coal V 0.269 0.292
(2.53) (2.70)

Goal VI 0.193 0.1)7
(1.27) (0.19)

Coal VII-p 1.113 1.212
(3.5:) (3.03)

G011 VIII -1.166 - 1.419

(2.02) (2.61)

GOAL 0.170 U. i0
(1.21) (1.83)

ExOlienoui

RACE 1.102

(1.63)

THOS. -0.362
(2.55)

MCRES8 3.310 7.2731

(3.71) (3.44)

VALUES 5.532 4.1945

(3.22) (1.75)

°CI:API:CT -0.192
(1.71)

ATTEND 3.66/

(3.49)

TCOLLEGE -2.574 - 8.2897 -6.335 -3.375 -4.11s
(2.03) (2.95) (2.14) (1.48) (2.09)

['CTMW 6.336
(2.03)

STAFF? 86.953

(3.26)

RECIDEA 1.935 1.7503 2.573 1.920 2.406
(3.03) (1.33) (1.87) (I.71) (2.53)

FAMSES 0.093
(2.97)

TSTABL 2.921
(2. 7.3)

OCDESIRE 0.335 0.1E06
(2.55) (2.11)

TSA1ARY 0.0015 0.0015 0.001 0.001
(? .70) (2.1:1 (1.90) (2.42)

1



TABLE 4-13 (Continued)

Exphin:q...ty

Variatle

ENROLL

Sin!.1c-Frioltion Sybtem

Altern,tifve

(1)

Models
(2)

Simultaneous System

DNA

-0.0ill7

(1. 34)

CUG -0.0576 -0.102 -0.030 -0.024

(1.28) (1.64) (0.63) (0.55)

1100 -0.1974 -0.343 -0.155 -0.204

(1.01) (3.62) (0.91) (1.35)

FSRAT -0.1225 -0.099 -0.071 -0.091

(2.05) (1.45) (1.28) (1.68)

/JA -0.001 -0.001 -0.002

(1.06) (1.16) (1,81)

SEFAC 1 5.462 0.164 0.047

(0.99) (0.37) (0.11)

SF1/C 2 -1.494 -0.321 -0.375
(3.91) (0.89) (1.30)

SEFAC J -0.119 -0.126 0.017

(0.34) (0.46) (0.07)

SUM: 4 0.993 0.435 0.587

(2.72) (1.35) (1.55)

Intercept 80.38 120.93 165.85 61.73 68.49

(8.33) (16.06) (1.58) (1.72)

0.65 0.53 0.46 0.74 0.74

F 11.12 6.76 4.96 9.16 9.36

SLE 1.91 2.24 2.40 1.66 3.66

N 73 53 53 53 53

c. For s," 3. 'tor 2s, p. i.
B' oi .!cler7.7.;orifon ft,'" d.i.rre Iret,10:1.

r

N,:rLcr I pricTqLc..t!. lre



!*-14

icu franc t for s.1 ( 1,1t,;irl World

Exp1.111.1tory

V3E-1..0)1e

GoAl. VII-p

C.:11 IX

DYQA Klihnb

:'VNtVA

Alturn,t111,.c

(l) (2)

0.717
(2.16)

0.0:5
(0.35)

VALUFS 10.7Y,
(6.11'))

CUIDANCK -8.Y1.114 1007.3669 1`,73.935 14''1.021

(1.C6) 62.02) (2.30) (2.50)

bOJKSP 9.11° -0.1363 -0.141 -0.100
(2.63) (1.10) (1.45) (1.12)

CLFRACT -0.255 -0.3361 -0.311 -0.461

(2, 13) (1.70) (1.67) (2.22)

TCOLLFGE
(2.21)

TSATISF -0.413 0.5232 0.162 0.572

(2.13) (1.32) (1.80) (1.82)

TSALARY -0.0010
(2.16)

Y.ORESS -2.334

(1.":3)

-6.6997
(1.73) (2.19)

DISCREP -0.708

(1.75)

533CC 0.013 -0.0156
(1.73) (1.59)

FAMSES 0.05!) 0.0962
(1.53) (2.i4)

TEXPER 0.154

(1.53)

TC.*,M-1ER -0.3W+ 0.6174 0.919 0.904

(1.62) (2.15) (2.28)

INNOVAJE 0.049 0.0947 0.037 0.036
(1.1()) (2.26) (1..-S5) (1.93)

MORFS3 0.9597
(0.56)

ADA 0.0002 0.0,702 0.0003

(0.20) (0.13) (0.68)

COG -0.1671 -0.171 -0.157

(3.37) (3.39) (3.24)

TLOD -0.3929 -0.299 -0.201

(2.07) (1.41) (1.00)

CSIZ -0.1951 0.051 0.062

(1.83) (1.23) (0.97)

-r
Si ,tIt in

1.071
(2. 60)

(0.65)

1453.498
(3.03)

-0.090
(1.22)

-0.460
(2.68)

0.592
(2.29)

0. x.63

(2.66)

0.043
(2.56)

0.001

(1.03)

-0.169
(4./4)

-0.231

(1.37)

0.037

(0.66)



TASLE 4-14 (Continued)

Systell

Explanatory Alternotive !lodels
Variable DLO Knbns (1) (2)

I.MAN

FSRAT

PSUP

SEFAC 1

SEEK 2

SEFAC 3

SEM 4

Intercept

k2R

SEE

0.2702 0.302 0.36
(1.76) (1.72) (2.12)

0.2756
(2.85)

-0.0074 -0.006 -0.004
(2.03) (1.33) (0.96)

0.196 -0.280

(0.47) (0.66)

-0.031 0.186

(0.09) (0.55)

-0.246 -o.ila

(0.79) (0.41)

0.155 0.115
(0.50) (0. 36)

95.99 /35.60 103.89 54.72

(9.34) (11.00) (2.74)

0.53 0.47 0.30 0.41

6.46 3.66 2.40 3.60

2.04 1.63 1.87 1.71

73 53 53 53

Simultaneous Sy..;tem

0.377
(2.77)

-0.004
(1.28)

-0.452
(1.17)

0.081
(0.27)

-0.058
(0.24)

0.266
(0.94)

54.76
(2.61)

0.41

3.00

1.71

53

Fr DEO t.-i1 c 4-3. ire (19)2), table 27, p. 98.

Not..is: 1 : coefficient of detcrintion AdILIstei fr degrees of freedom.

SEE st;in.i.trA orror of erite.
NLIrcrr.; .-r



The third column in tables 4-3 through 4-14 reports results

for an alternative single-equation model, utilizing Kuhns's data.

It is similar to the DEQA and Kuhns models insofar as only input

variables are included as explanatory variables in each equation.

It differs from model in two respects: first, all of the

enviro:ea variables are omitted, and the four environmental

factors SEFAC 1 to SEYAC 4 are included instead in each equation.

Second, an attempt has been made to remove'. from the equations variables

which appear to represent putTnfs more than inputs (such as OCDESIRE,

OCEXPI:CT, HOLDING, and POSICRAD) as well as variables which are highly

correlated with other variables in the equation. -(For example, it

does not seem reasonable to include both CSIZ and FSRAT in the same

equation, since the correlation between these two variables is 0.86;

similarly, ENROLL and ADA are highly correlated (1. = 0.88) so that

only one of these two variables would be retained in any equation.)

The consequence of the specification approach would be to reduce the

expleratory power of the modelsince Kuhns's specification was
9

based cu maximization of R --bnt it was hoped that the reliability

of the regression coefficients would be enhanced.

The fourth column (Alternative odel 2) differs from the

third -column (Alternative ndel I) in that a number of outputs are

include i in the oet of explanatory vdriales in each of the equations.

The ot.t puts chm->..i) for each cfplat ion represent the 1)r i judgment

of the author, which was influenced by discussions with persons

familiar with the data and the educational process. The inclusion of

output variables in the equatious takes into account interactions

arAont; t he ont_pot.:, fords co:npariaons between the coefficients

of Altornative 1 and 2.

The final col ion in tL tables repoits the structural

coeffleiens for the :;!:,11.1tneou,;-equation ...;).gel. The spcif5cation

of tLIt is ;It.1 to ?hit. of Alt,r:l.ttive 2, except

tail t l.a out :;'At the expi::: it ory set a a: t, re.it ed end(1-

oe: iedr I (; i I to

: s..! *;0!l' L' 11,; ,

for the sieliltseeous-e-ination oodel due ted;.en :rem la rc!TcctiVe
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values obtain.1 for AtterlAtive l.iodel Thi!; probably underestintes

the explanatory power ot the simultascoas-equatiea but ac

theoretically valid alternatives are available 1! yet. In any event

the effort here W,IS not to a-, nor .nu)uld it be :milt led that

the tmixitli.tallon 31 R- it; necessarilv a pri7'ary eb)octive.

The t;i'-lalt-ineous-eadtion technique al: ;a j'(..4it..; t1,e coputition

of the recluc:'d-t.orrl coofficients. Thnt is by solYiwg, aigebrlieally

the '.:stem of twelve eqoatiuns in tl'rss of the twelve oacpats, it is

posible to derive coefficient estimates for each output, inclading

itratts only in each equation. The advantage of the redaced-form co-

efficients over the I)hQ.\ or Kuhns odek is that_ tho interactions

among the out ;:IL; are taken into account. The re aced-forri coeffi-

cients are presented in table 4-15.

it would be fruitless to describe the regression results for

each of the outputs without :;ome. applications in T.ind. Therefore,

it see',1s that the bust way to hig,lifihr the results would be in the

for:-1 of applications to whi.H1 the results may be put.

A word of cant-toil nay be appropriate at rhe outset. It should

be recognized that the results reported in this :Andy cannot he

accepted uncritietIlv. There are priests n the collection of the

data, in the reliability 5p1h eati)cr and input: Teasures, in the

coniderable infcrcorrol. i tl L It rtiins in the varica:; vluntions

despite cficrl_,; to r ia the sper.ificalion of

the -.7odels. fo]

:;,1C11

:1rt.

I ';:ort I lac :,-.

on of whAt. could he dono with

i t`in the data and the

SO11001 Vrin,. ipalS , .;tiff icient

flexibility to reallocate re.- sources within their schools, subject

to ',077:0 constraints, so long as total expenditurcs ret7iin fixed.
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For exai-pie, A soconiLtry nchcol principal riight he Oven an option to

chooso Letween the follewirg: (1) hire ten teachers at the average

salary of $10,000 .cal hire lifteen Led-hers at an average sitar!

of $6,6()7. lo that first instance, the typical teacher might possens

greater previous experience ad/or A..ucattonal trtining thin s.ould he

the case in the second option. However, with fifteen teachers, the

principal could expand the: carriculun, a;;! /or reduce the teaching

load, and/or reduce the average class ice (provided enough class-

roon n-.n:.e is available).

Suppose, for example, that it school has an enrollment of 100

pupils and offers MO academic hours per week of intructien. If

ten teachers are hired, the Leacher/pupil ratio would be 0.1, and the

average teaching load would be twenty hours per eel.. If fifteen

teachers are hired, the teecher/pupil ratio would be 0.15, and

the teaching load would be only 13.3 hours per week. Suppose, further,

that the school principal wishes to increase the students' verbal

skills, and that the average experience of the two sets of teachers

would be identical (the only difference between the two sets being

the average educational level). Fran table 4-5 it is seen that the

coefficients for the teacher/pupil ratio and teaching load, respective ly,

are 15.1.46 and -0.131. The difference between the two options is

given by a reduction in teaching load of 6.67 and sin increase in the

teacher / pupil ratio of 0.05. The total effect is given by:

Change in Verbal Score 15.146 (0.05) 0.131 (-6.67)

0.757 + .874

1.63

That is, the replacement of the ten expensive teachers by the fifteen

less expensive ones would result in an lucrease in the verbal-skills

score of 1.63--more than a 10 percent increase over the mean score

for the fifty-three Pennsylvania schools.

It should Le noted that no offsetting reductions in the verbal

scores are calculated for the alleged e.i ft ect of the redaction in

teacher "quality" (resulting from, hiring less expensive teachers) on

verbal skills. However, except for TEXPE11, none of the variables

supposedly related to teacher quality have entered the equation.
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Moreover, there is a negative (though not statistically significant)

coefficient associated with teacher experience. If the more

expensive teachers are more experienced, as is usually the case,

then it is possible that the anticipated change in the verbal

score reported above would be even arealer.

The results indicate the potential improvements in verbal

skills that may be reaped by changing the mix of teachers. Thfs

is nut quite so 1!;y to implement as it may seem at first sight,

beeause teacher hiring and firing is subject to collective bargaining

agree tints. Further:ore, c.chool principals all too often have no

decisien-miking latitude in this respect. Nevertheless, the results

do indicate an area where internal reallocation of resources might

enhance the productivity of the school system.

One problem that must be considered in this regard is the

effect of the proposed change on other outputs. For example, how

does the change affect students' attitudes, health habits, and

vocational development? Consider Goal Tr Self Concept. Table 4-3

indicates that the reduction in teacher load might:, again, lead to

improvem,..nt in self concept. However, a reduction in the average

educational levcl of the teachers is likely to result in an opposite

effect. Since neither coefficient is.statistically significant,

one Pi-,ht: conclne that the overall effect. of the proposed change on

self conct-dt is probably ril, but the need to assess the impact oI

the reduction in the average educational level of the teachers

remains. Xoreover, an inr:peetion of table 4-4, for example, reveals

that a reducrtien in the teaching load is likely to reduce the score

on Goat II: Urrd,,rstanding Others. A similar effect is shown for the

reduction in saLry. The implication of all this is that the school

decision fAker f,,e.t weigh tin benefits fren a change in one output

(such aA ver'rell ag.;in!:t losses in other outputs (such as

undertandiug otLrs). 1+L. decision may not he sir pie or easy to

rrki: , I i. o:15t,nt r +ts of t.:io typc pro eland ho re win d f'0 a

1011;; %;iy iu cimhlf,Ig school m,eirgemenc personnel to mrke better



0 t het' i,tu Ye: e licat ();)

File rAallts sever,' 1 i cat f (.11

do kOt require either ii r realicntd resources. For ex.wyle, the

use of Innovative pr3eticos by teachers could mice output, as

could chan..",es in teacher satislaction and values. In tahle 4-14

1t. is observ(.d that iireator use of ihnovative prstices (11)VATE)

and .,reater teacher job satisfaeLioa (TATISF) are likely to fuel-vase

the on goal X: Preparation for Chalv;Ini', World. Another

example is the coefficient of WC.ACTI. (-0. PA) in table 4-12, indicating

a lower score on Goal VIII: Vocational Development as ork. teachers

perceive profosional reconition to be achieved through personal

relationships (such as rapport with central office or immediate

supervisor) rather than quality and qnintity of work completed.

In addition, the results sw;,,i;est district-wide implications

rer,arding such maters as desirable teacher characteristics, use of

-:,nidinee personnel, auxiliary mrinpw,-or, extracurricular expenditures,

paraprofessill support, or library rsources. A complete discussion

of these possibilities is beyond the scope of the present research,

and the reader is ur;;cd to examine the results in detail rearding possi-

bilities for both reallocation of present resources or the allocation of

new resources.

Prediction

The in purpose of the data collection activities of the

Division of Educational Quality Assessment in the Pennsylvania

Department of Pdaeatioa 1; to comb le sehools to determine the extent

Lo which they achieve an output level (on.iistent with their input levels.

If there are n schools Iii the system, then we copute for each school

(44) +3I X
li

+a2 X
2i k

+ +3X .,
0

a)

whereY.is the predicted level of the output, Y, for the itn school;

0
0'

ii, ,

k
ore the k regression coefficients for the production



function of Y taken from tables 4-3 through 4-14 for the single-

equation models and table 4-15 tor the simultaneous- equation model;

and 1<ji. is the level of the jth input observed in the ith school.

When the rosults obtained by DD.!A, Kuhns, or Alternative Model I

are employed, the production-function coefficients may be used

In the cane of a simultaneous-equation model, the structural

(productiou-function) coefficients arc not appropriate because

their use would recquire apriorj prediction of some of the outputs

in order to predict other Outputs. The reduced-form coefficients

in table ,%-15 overco:.:e this problem, providing coefficients

useful for predictive purposes without the need of prior prediction

of the outputs.

The main thrust of the DNA analysis is that schools with

different input level:; ought to expect: different output levels.

Hence Y would depend on the levels of student, community, school,

and instructional-staff input:s. The School Report, sent, to parti-

cipating schools by the DEQA, contains predictions for each school

for each of the outputs, aloop with a prediction interval (given by

E). The position of the actual school score (I) is also

noted. To the extent tint 't' is within the prediction interval, the

implie,atiea is thlt t lx sch-Jul is doing approximately as it should.

Sipilirly, if Y is loos than SEE, the school Is apparently lest;

productive than it sneuld be, and soi;e remedial action is rccommended

(borson, 1'j72).

Conc. l i C:07 ats

The Pennylvunia dlta provide a number of inighto; for school

mnouge:int per::ont1(.1. Proocrly interpreted, the rea should be

usetul. At the IL-v, it 1-,t2 recognied tht both the

,Lit. 1 le.... thin Tleal, so that manweoent docisio:n;

.1.ould not lu iyely on ,Htniltesr:ltd here. :-toreover, the

01- tc.



equltion s,,te.:1 reported ill thk chuptor provide only pArtial

iutormution to de...*;ion The imAlvsis dc,:

oxalAnntion of the effect ot vnrious inputs on the overuld level

of output. Th ,.! u'xl chupter preH,cnts n Todel which to

overcoule Otis difiiculty.
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CHAPTER 5

THE OUTPUT INDEX: CANONICAL CORRELATIONS

The analysis of the preceding chapter provides a limited

use of input-output analysis for educational manage:lent because the

regression coefficientswhether in the single- or the simultaneous-

equation siodels--indieate the expected ehaniw in any one output due

to chanes in ono or f:,ore inputs, but not in the overall level of

educational output.. An index of output which takes into account

all of the outputs could be used to overcome this problem.

In addition, an overall output index is necessary for a number of

applications, including an analysis of economies of scale in secondary

schools, and for the cli.,,velopent of a tea:her salary plan based upon

the production-fuation concept. The output indexes presented in this

chapter are based upon the canonical correlation technique.

Canonical Correlations

1

The techniyto of canonical correlation is dusigned to assess

the d, ',!rk'e of ani!ciation 1_, t.qt*C(.11 two sits Of vari;lble. Let one

of sets he denoted by 1' and the second set by

XI, X,, X In the canonical correlation analysis, a canonical.
1.1

correlation coefficient is coputed such that the correlation between

the weighted FIE1 Of the I's, giv on by w
1 i'

and the weighted sum
ri I'1

of t he X's, given by v v , is maximi::ed. Of interest in the
i

preskilt nalysis are not the ca2onical correlation coefticients,

butr.lth.rthewoi,hts,v,w'lich are as;ociatcd with the maxilla
1

incsic a I correl.tt

i ,! 11 ,1; i(1:1

it :1.)t
I 1.' : 1' it
11 I Lon ,l. t) 1 2.-.. en

I rt..i :1



in the pre'.ent coutext I hi. :;v1 I Y ea 1 rcpre ;,,.1t the

tpist..; ant tho .fa.t et the X.'s, the in;!uts. lhas, ;,.'s are the

.-auonical output act the v's aro the rcr,pretive input voi.gh(s.

to tho ex( eat tha I one could a srs u".! t hat sti',.puts ;ice the nu tece....e!. of

the inputs, the output weights hat ['it.' :he relative b;:u!rtanco oC

as lt it t he cutput:!, exli hit id s he input_ -en tp.,,t, This

/., an as ion!; on A p,tr t of

rt:hool ac:;:inistrators, or it could result irca the interplay ot

forces buyoad the cent of !.chool administrator:; (whea noir!aaipuiative

I nputs are a I Sti ncluded in the iartAr. SC(). Cousoquently, I c WouLl

Ilot_ 1Y. an if the weights proiucel by the canonical ..7ocrelation

technique conflict with the weights that s)ue allinistraturs believe

should he assigned to the outputs.

Once output weights are obtained, an output index could be

computed according to:

(5.1)

2
whc,reCei:3theoutputindex,amiw.is tico squired cnonical

a,.sociatudwiththeit_houtput,Q,.O. could then be coTTnted for
A

ch school, and analysot; utilizing such au index may tnke place.

Oatoot Indexes

Tice Pennsylvania data have been utilized to derive a number

of output indexes. 'its indet-tes differ tro:n oce ther accordiny;

to the sets ot input and output. vnriables that arc' included in the

canonical correlation analysis. 'al-Ile 5-1 provides a list of Out-

'olita and inputs included in each of tip_! caollical analyses.

Tic r first and cereal canoaical accalvacs differ only in that

the '.iri ihte hOhDP:G a included in the secril, hut not in the first,

analysis. That Vari:thl incluJuri in tho input set by DEQA

aud by Ku4.1;. However, it appcar:; tint ;!.)1.7). repreents an (-)1.1±pIt_

of the educational ,sI.::, lad ic;itnp the degree to which the syste,1

has been Yiccessful in retaining :tn!lf:r.ts.' The two ea:1-)nical analyses

2
For a similar argument, see Eurkhead, Fox, and Holland (l967),

where a similar variable was reavaed as an output variable in the analysis.
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are intended to '.',rovide a comparison between the resulting, output

indexes and to indicate the effect of changing the output mix from

twelve Co thirteen variabes,

The third and fourth canonical analyses likewise provide a

descriptive test of the sensitivity of the canonical output weights

and resulting output indexes to changes in the sots of inputs

incleded in the respective canonical analyses. Thus, while both

the third and fourth analysts contain the same ontput sets as the

first analysis, the numlor of input variables increases from thirteen

to forty-twn for the third run and to forty-seven input variables for

the final run. 1,:e. note that the inputs in the first canonical analysis

are haed on lluhns's "proposed model" which includes mainly manipulative

variables. The input set included in third run was chosen on

the basis of a somewhat revised list of variables entering into the

sinle-equation model developed by Kuhns, whereas the input sot included

in the final canonical analyis contains all cf the input varialrl-_:s

in the data set, with the exception of inputs which appear to be

proxies for outputs (0CDESIRE, OCI=ECT, POIriKAD, nnd 1101.01!;(i) and

inputs which are highly correlated with other inputs in the same set.

The nort'.ali-2.ed canonical. weights for the outputs in each of

the analyses are reported in table 5-2. One is -ftm.ediately struck

by the considerable: variation ai-,ong the sets of weinhts, although the

variation between the first and second sets is relatively small.

It should be noted, however, that the output indexes are based on the

squires of th._, canonical coefficients (wi
2
); hence, a shift in sign

but not in absolute value of a weight between successive canonical

analyses would have no effect on tho output index. Moreover, even

if the various sets of weights are sub tntilly different from one

a:. t . 'r, it is still possihIc that the output indcxcs would he

highlv COr that It won ld nu ke

h o. t ;;Ot. ', is chorea f the chive opm,.at of tile'

0111 I. II: he Y..

T.0,1t, 7)-1 r ion o; ,:,.,t1rAet- by whi h

A) .

t ti r 0; a p.trt
the levels of the twelve outputs in that school

73



5-1

Input and Outwit Vari,11)1o:: in Olo

Canonic.il Corrclation A,1y;t;

Outtt
;t1r.,i1Cr

12

2 13

3 12

Goal
through
Coal X,
HOLDING

Coal I

through
Goal X

:,ti;'. Acro11v:1

13

13

!,2

-

S A LAIRY ,

ADA, Cl't; ,

PRCO, "I LOD ,

CS I 'Z., A EE ,

BRA'ni, A=1AN

AVIAN, FSRAT,
PSUP

FMSFS,
TSALARY, ADA,
CUG, PRCO,
TLOD, CXIZ,
Ai; E , I3 RAT,

MAN, AVAAN,
FSRAT, PSUP

SEX, LOCATION,
RACE, LURARY,
MORES?), :10RESC,

VALUES, FOCC,
nocc, PCTWol,

FMSES, TPPOS,
TLOCALE,
1COILECE,TSTABL,
T!.fET.:C, REACTL,

RECIDEA, "[CAREER,
TSA11SP, DISCREP,
CLPPACT, ISALARY,

TEOUC,
EFFORT, ENROLL,
HC;t:SIN, STAFF?,

(XiDANCE,
IN:;CVA"iE, CUC,

PRCO, 'f I.0:), CSIZ,

AEE, MAN,
F!'RAT, PSUP



TABLE 5-1 (Continued)

Ont put Out -put V r Lb l oq NEM Liblc s
Ntriber Acronyms NUMI1CY Acronyms

4 12 Go 11 I

I. liroo:.11
Goal X

47 SEX , I NT!'.R.RAC ,

LOCATION,
RACE, LI '3)illY,
cu NS EL

VALUES , Al f END ,
PCI , 1AS i ,

TAGE, ITPOS,
rICOLLEGE
1LOCALE, TSIABI
InEDUC, TEOCC
RI;ACTL, REC IDEA,
TCABEH:, ISAT

I SCR]'' , CLYRACT,
SALARY , 1EXP ER ,

TEDUC, TS ,

SIRSIDY,
1.!.;SEXAD:1, EITO!ZT,
ENROLL , EnUS ,

IPOKSP, CUIDA:;CE,
INNOVATE, CUC,
PRCO , TIP!) , CS 1Z ,
AEI:, BAT
AX!AN,
ESUP



TA1.E 5-2

r1 iJ c,rnop,ic,11

t 1

0.1os

for Uriow;

L't 2

0,1:10

tv,plit-utifpot, St;

r 4

_

-0.158 0,0
Co ,11 r 0A46 0.32 0.107 0,300

1 t 1 (-v 0.417 n.1170 0.355
; 0.0j0 0.145 -1.46

I 1 0.241 0.237 0,141 -0.126
(;0,11 -1,525 -n.51: -0.444 0.368
(;ou 1 V L -n.t56 -0.139 1.010 -0.351
(1),t I V I L-p 0,0hS 0.15.; 0.11 0.108
Gim I V11-0 -0.140 0,011 -0.237
t;o11 V ill 0.303 0,3n .0.212 1.227
Co,i1 0.1).68 0.051 0.022 -0.u32
CLm 1 -0.233 -0.317 -0.113
110IM11;(*, 0.175 ;,1

1.111:: out put not. ii't.tLJ io th olLout



TABLE 5-3

Calculation of an Output Index: An
Illustration for "School A"

Vnlne of Coal
in Echool A

Canonical
Wci2ht

Contribution of Coal to
Output Fdctor in School A

Coal (O.) (w2) (0 *,,;2\

1 89.45

--

.006400 .5725

11 91.05 .095'4z-1 8.6935

111-v 15.52 .126025 1.9559

18.71 .363609 6.8031

1V 94.62 .0158/6 1.5022

V 170.81 .135474 23.1318

VI 122.74 .123201 15.121/

V1' -p 60.72 .011664 .7082

V11-o 117.21 .056169 7.7069

VII! 84.02 .6',1529 4.3295

11.: 156.47 .001444 .2259

X 109.33 .012769 1.3960

Output Factor ,= 72.1472



ar- lven in the ticnt colunn 0;i). In tne seeon! f 1.

t. (.) 1)11i .1:11):1 I ,1: p rev 1.1, )

t rd ) repreneutu the contr 1. .t. u of I': P

Lk. on: t o the total out pit t index , H.ittet o! the waived

,.au,):11c.11. weight dud output level (Ot w ).

oerall output level is given hy tie 01 the contriroriont: of the

cut put. 1 Ac tor:, (72.14;2 t or :=Hto,)I

The satue proco,lure wan e:,ploved to dccive ouHutt. lovtls fur

e.t,:h. of th. fifty-throo Pennsylvania ri.chooln on the h.o.is of thy'

tom' sets of canonical weights. to test the consisLctn of tin. four

output ndexen, the correiations xiiong the Cour u-n were

co:Iputed and are reproduced in table. 5-4. 'idle output indexes were

also corrola't-..ed with an alternative rue of outputthe str.a ci the

verbal and 1:',uthe:''iatical scores Oioal ifi-v i Goal fil-,-1)--to nee

whether an output indox which is based on a numiter of educational

output Oitilennions differs fret-A tho traditional tyeasure of basic

skills as the sole index of etyn:tional output.

flit results of the correlational analysis in table 5-4 are incorclu

sive. On the one hand, a high correlation is found wttone, the first, second,

and fourth indexes. For reasons not yet clearly understood, the third out-

put index is not as highly correlated with the others as one would desire

if it can he argued that the canonical correlation technique provides output

that are relatively insensitive to changes in the set of inputs.

Appareatly, the nddition of 29 input vaciables duo change tho output index

to a conniderable extent. Howev,2r,the fourth indi2x, hnod on 47 input vari-

ables, in cor:elatod with the flint .0 socoal indexes. Aln,), the

rt.i,tit,ino of the uof-nr 1:!.7. duct; not ':ppcar to 'ttiect the ontput index

rtuch (corypare indexes 1 and 2) .

In addition, the correlarions 1 0 skills score

and the output indexes are relatively low. Evn correlition

(hotween the basic skills i1.1..: ;1,11 the fourth cano;:i,al inti. (r-0.7291)

is not very high; a regresion analysis, with the skills score

as the independent variable and the fourth ottput ini the

dependent variable, indicates in many (-,1!.:e the Lr_edictod_

output is much different iron the actnal tilt the rank

ordering of ric.ny schools differ considerably in the two cases. This
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TABLE 5-4

Zero-Order Correlation Coefficients for
Output indexes

Indcx

1.0000

0.(J924

0.6492

0.9036

0.4257

1 Index 2

1.0000

0.6449

0.9180

0.4576

Index

1.0000

0.6372

0.3093

3 Index 4

1.0000

0.7290

Sum of
Verbal and
Math Scoros

Is

1.0000

Index 1

Index 2

lndo

Index 4

Sum of Ycrlo::1

and Scums



t COW; helH'd to in( Otik'r

t n ll ro'!.n t t. pt): t I h.' r C):1

ilnr Hon llt,fl 1 for 1H..

LIAL first, !noild, in; iourth arc %ay., :001 .,t-clictors

ill' one another; this is not trno tor .ht' third 1111,,,,,.)

Althoa..ii there. would h, nuerous opportunities to utilizo

t 0111 t index , the pre ,ent 'ne con; ;ned to two applica

.oa-; with reforeace to a third.

onn. los of Scale

One ;irea in which conIderab lc research ha.; boon undertaken in
.,

recent year:-; econwales of ,-;cileol operations, die research

has boon hacipered, however, by the lack of a coprchensive output

tleasnro that mast be used in the analy,js to take account of varying

educational qualities. Since the mothonology used to dcteriline scale

effects has been developeA anl fully di-cussed el:;o..hcre, there is no

rteo.?, to repeat, it here.

Suppos-t that the ,-;hool is the proper unit. for analyzin;; scale

effects. It a parabolic roationship is assned (het:wen t1,-.! cost and

sie variables), then the ecniation which rue seehs to estimte

re,s.ble the folto....ing:

(5.2) C - a + bS cS
2

1 dQ t oP u

,..;.re C is per po,dil cost, 5 is school sI7.0, Is the over 11 uutput

P is on ilex of the p. ices tl':il. the :chools pa; for

!;orvices, and u is a stocila;Li,: error tet71. It is not necessary

to lactnie variables !:;easecin, diffyr(os in soeio,,70110:71ie

becaa.;e they shoald not affis:t tho cost of eAtiontioa unless clucational

coil it.-: is affected, and o1ocational quality is included as a variable

in the equation. P is incleel to adju.n1 for cost variations x..lon7,

3
See, for ex:.clple, Cohn (1966), Cohn c,11,1 flu (1973), i!ttich

(19Id ), Hirsch (I'M, 1960), Riew (19(6), .tai SAnlo an-i HIckrod (1971).
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schools which are due strictly to differences in cost-of-living

conditions across the state.

It has also been argued that a hyperbolic cost function

might be more appropriate (Cohn, 1968, and Cohn and Ho, 1973),

in which case the equation to be estimated is given by:

(5.3) C = a + b(1/S) + cQ + dP + u

The fourth canonical output index was

proxy for Q (boc:!use it is based on the largest n)i 7ber

of input v:triables). Although a comprehensive treasure of cost is

lacking, intormition is available on the variable INSLXADX (instructional

e%penitures per pupil in average daily me:Thership) for the Pennsylvania

data. Use of this variable will certainly limit: the extent of scale

ceonu-lies sho-...-a by the data, but the main purpose of the analysis is

to illustr:ite the uses of the output index. Also, average teacher

salary `,LAM') has been used to represent P because most instructional

costs are a direct result or tcachor compensation.

Tittle 55 provides the regression results for equations (5.2)

and (5.3). The empirical results are clearly disappointing. First,

none of e regrossion coeificients are statistically significant, and

it Also that hll of the variables taken together do not

contribute significantly toward tin reduction in the variance of

Despite this, the signs of the coefficients are consistent

with a priori expectations. Further analysis, utilizing both different

data and ,ifferent cost measures, night prove more rewarding.

a 1 ?la the C o: c;lclior ChAracteristics

It is well 1,nown that te.n salaries arc typically based on

the so-eAlled single . :.:nary schedule, where individual teacher salaries

ar only ... '110 of Le.tcklm; experience and c,inc:itioa.A1 attain:'.:: t.

H:;!, ch,ipter 9; ictuson, 15, cnapter 10). lids author has

It .;A,n 1.1 nt.Aed, tklt, except for all of
is the motel h4ve eer .. low ceettit.lent!: of

lien. (!). for Tor 'i;;A!.AEY, ant 0.01 for the output index).



TAIV: 5-5

I, f or 1.

1 i!

\.lL
1 Ah,r1ic Function Hyperlic Fo::tion

b t h 1

l'Itput 0.9048 0.195 0.952 0.01

TALARY (19 0.0178 1.54/ 0.0179 1.538

1:NOLL (S) -:).0163 0.0M

(S-) 0.00000115 0.062

(1)S) 9550.7617 0.777

R2 0.00 0.056

0.00 0.00

0.77 0.96

SFE Y1.23 40. 9 I

Not:0s: b

t

= partial reues:;ion coefficient
-

R = co4ficient of deteminaLin corri.ct,1 for (lognq.

of froc:Jom.

SEE - st..1m1;Ird ,ruor of es.tilto



argued elsewhere (Cohn, 1972, pp. 293-297, and Cohn, 1973) in favor

of a salary progrAm which would take into account those factors which

appear to influence educational output, so that teachers possessing

those ntirlutes which, on the nverae, are shown to enhance educa-

tional output would be rewarded in proportion to the production-function

coefficients. For example, if a unit of teaching experience is shown

to increase out pat by an averoe amount of 1 percent , a teacher

posse,.: 011t2 lin it of experience great or than the average for the

F.aHple anlor wonll he paid an incrcment in salary proportional

to the I percent i:-:prove 7-1crit in output. Such a salary policy would

encourae teachrp to accluire the attributes for which a monetary

rewnrd i, offered and would serve to reduce the gap between

salary 1)v.-.:unts an: relative productivity levels of teachers.

Again, th2 model proposed here is not intended as the ideal

fra :...orh for meati,Ting thc coutriliution of teacher characteristics

ha rather serves only as an example- The equation to he estimated

hy:

(5.0 = A b
1
TCLEGE hTEXPER b3TVDIJC + FAC i + u

i=1

where th2 0tpilt ::.casure; VAC i is the ith factor

account iii,, for stti.lent, co:.:-.unity, school, and teacher inputs

not explicitly iueluded in the equation; and u is a stochastic

error term. The odel would aess the contributioa to total output

(Q) of educational preparation, tenchin,t experience, and type of

frem which the teacher .,1-aduated.

Y,uimates for the three teacher chiracter-

istics 1.rc obtains.' o the La:;ir. of the Inclusion of eleven factors

and five tactors (,'t leer than these explicitly incluJed in the equat ion),

respectively. the adtiiti.en of six ';:cter:7, did not contrihnte

sl.nifiautiv to 11.: i'::plandtory power of the roleI, only the eTtation

with ti five f,letors {k"51 rkportl in table 5-6. The results

:ndicat !hit none 01 the ten.'-'r chnrneteritics hn'T A statistically

si ;at f it lent. Thi iariy roven ins; viol t e,;ard

to ti.e vt It u. coM' ic I Lath .1,7copted

epinica ibtt cxpetience and cducutional pte;inrntieu !:L..1.tila he ewiriled.



V.11-1,11)112

TA V.1.1: '1-()

; or 10,t..L'I Ht fc.,;

pi st )

P.trt
Cod c i t to

fOLLEGE 4/.0582 O. o 2

T1=A 9.0067 0.0:33

MCC 0.1320 0.229

FAC 1 0.2348 1.234

VAC 2 0.1149 0.555

FAC 3 -0.6956 6.154

FAC 4 -0.2617 1.731

FAG 5 0.1829 1.180

R2 0.405

R
2

0.297

3.743

SEE 1.035

!;ot.0;!. 1:2 = cool: 10 ient of d 0 ter:7!1:1:1 t i on cor i-e(i for degr(2tis
of frecdo.1

SEE = st;_li..,'Firr.1 error of (-?;t fl:I 10



Note, however, that the output variable has an extremely low coefficient

of variation (0.013), indicating that the fifty- -three Pennsylvania

schools utilized in this analysis are quite shailar in their educa-

tional output. The same is also true of TCOUEGE and TEDUC (with

coefficients of variation of 0.053 and 0.067, respectively), but

not. of TFXPEP. (with a coefficient of variation of 0.243). One

would have to examine additional evidence before the presr2nt assump-

tion recarditm, the contribution to output of educational preparation

experienc..: con 1d be disa:issed.

Ou!-.0..L in ent:ves in State Aid to Placation

It has been proposed by this author (Cohn, 1974, chapter 7)

that the state aid forla should include incentives for schools

to increase their productivity. A prerequisite for such a framework

would he the development of an output index that can be shown to be

consistent over time. Ihe present analysis provides the nucleus for

furtber devloPent and testing, of the output index. over time and space.

(dealers who are interested in the state aid incentive plan may turn

to the earlier publication [Cohn, 19741.)

Concluding h-ents

The development of the output indexes was shown to provide

several posibilities for future appictIon. Although it does not

appear that tH.., present empirical results offer such in tel of

major conclusions, they do offer a new framework that should he

helpful in !uture rceArch.

It noted that the output inlexen are not very sensitive

to cb in.; in t :;01. ut i in t curt y Lit i

.1 , ho, vcr, , t V,". to c!1 :1:LL:; 1n tote input
Also, out. t macn,cI he con H a! out Over t 1:1t, end

nvc to study tio..71 with ,',rAt care 1,cfore

:Ire' drawn.



F i I 1 i 11 mit i.;f hi t111,Ja

cc t I I 1..; the tor 01,!. 11.11 In out put:

in.1(xe.s. .11 i;;L:d

r 1 t i I u 4 1.1 11n t% 1.1.(,! I r t .1 I t t he
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CHAPTER 6

CONCLUSIONS

The models presented herein support the contention that

on the average, suns reallocation of resourceswithout the need

to purchase new inputscould enhnce the outputs of the educa-

tional system. fie is not quite certain, however, how far such a

reallocation could go and ,A.it precise effects such changes iu in-

puts vould generate.

Conniderin;,, the eqaation systems, a strong argument vas made

in fyvor of the development of a simultaneous-equation systen. It

is quite apparent from a close exaulnation of the results that the

levels and signs of the regression coefficients vary between the

single equal ion and the simultaneous-equation models. Moreover,

the simultaneous-erluntion approacl enahlos one to calculate the re-

duced-form coefficients which permits prediction of each of the out-

puts on the basis of the input set alone.

It Las hcn noted that the main limitation of the equation

systems is that decL;lons must often he made with reference to the

overall output level. For such an analysis, some form of on output

index is needed. -lhe canonical correlation technique appears to be

one useful :::ethed for developing such an output index. It has been

shorn that the reult,ing output index is sc2noitive to changes in

the input mix but relatively inensitive to ch.inges in the output mix

wilinid in the canonical eGvrelation analysis.

Alth:lugh till" output inie:x should clearly be helpful in a

nu.ber of applications, its iNt. in the coute:.!t of tla present data

and the dinscd in cklotei less than eu-i-

couruijn. ,.iv h due, at least in part, to the very low oh-

,lerved variation 1:: the outpat inlox Cto flft y-throe P.nwo,1-
vani result.: tne teden:-chara,-terf:.tics anAlysis

do :1W , t I:e,!.1 to ref:v.111)A e thle preva i 7 in y: :t:7;p1

reo,rd ing ti... :but in tea e.1!:eat ion.i1 cutpui. e t each i us t,%
s'e'a : ein and ei!s i pr, 'rat iun



ihv re! ul ot tho t hi thAt h i I F nctor!; .tro

f;:port.-.:;t I i t he pr 1.10:1 o! r Ii I ii I h it

to I 1 : F F t

t w;, 1.1 t;11!..

vc. I y ;1111 occirnH.,., t H il,%t.!tt.'y W. thy y,hic.tti0;1;11 pro-

duction function ntld v I t u reult:; with

propi.r

A,Jditicnnl data collccLion I annlysi:;, incolvinc, both the

prernt And nitornAtive approncho3, is nE.,cc!.,;;;ary in order that a

body of c-,pirical 1,x,o-ule:ly.,o will bocuT%:! Succeive -

perii7Amtntion with the r...odel3 nnd ffirrl.ition of the re:hilis itCross

tiny: and :Taco are riecess.lry beforo such rc..;u1ts could he 11-;Pd

with any de,flree of conl'idence.
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